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630720045 : Major (FORENSIC SCIENCE) 
Keyword : Microfluidic paper-based measuring devices, Gunshot residues, Nitrate, Nitrite 

MISS RAKCHANOK INTHARASUKSRI : DEVELOPMENT OF ANALYTICAL 
DEVICE FOR DETERMINATION OF NITRATE AND NITRITE IN GUNSHOT RESIDUE 
ON DISTANCE-BASED MICROFLUIDIC PAPER THESIS ADVISOR :  ORATHAI 
KHEAWPUM, Ph.D. 

Microfluidic paper-based measuring devices (µPADs) on Distance-base have been 
fabricated to determine nitrate and nitrite ion in the gunshot residues (GSR).  The µPADs were 
formed by block-screen printing with beeswax and the amount of nitrile and nitrate ions were 
based on the distance of color development using a Griess reagent as a detection motif. For nitrate 
analysis, the nitrate ions were converted into nitrite ions by using Zn as a reducing agent. 
Calibration graphs were created for the distance values and the amounts of standard nitrate and 
nitrite ions in the range of 20.0 · 100.0 nmol and 4.0-20.0 nmol respectively. The device was then 
used to examine the nitrite and nitrate ions in GSR collected from the hands of a shooter and from 
the cartridge cases. The amount of nitrite and nitrate in GSR determined by the µPADs were 
compared to those measured by the ion chromatography (IC) technique, In statistical analysis 
using T-Test, quantification of the difference efficiency did not differ statistically significance at 
the 0.05 level.  The good correlations between the two data sets were observed for both nitrite and 
nitrate contents with the correlation coefficients of 0.995 and 0.934 for the nitrate and nitrite ions 
respectively. The µPADs developed in this study has the potential to be used in crime scene 
investigations as a rapid screening test for gunshot residue detection via nitrite detection. 
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ÛØØöć Ɨ 
ÛØÚČó 

1. ØöćâóĀæñÅèóâëČóÅòÎ 
ëòÈÅâăØãĂÚÜòÉÉùÛòÚÿÂõÕÜòÎìóØóÈîóËÎóÂääâÿßõćâØùÂèòÚÌ÷ćÈÉñÿìĆÚăÕ­ÉóÂóääóãÈóÚăâ¬è¬ó

ÉñÿÜĆÚØóÈëøćîèõØãù āØäØòéÚ° ìÚòÈëøîßõâß° ĀæñëøćîîîÚăæÚ°Ö¬óÈą ÉóÂÂóäëČóäèÉ (Poll, 2560) ÿâøćî
×óâ×÷ÈÅèóâÅõÕÿìĆÚÃîÈÜäñËóËÚÿÂöćãèÂòÛäñÕòÛÅèóâäùÚĀäÈÃîÈÜòÎìóîóËÎóÂääâÃîÈëòÈÅâăØã
ĂÚÜòÉÉùÛòÚØöćÜäóÂÐÿÜĆÚÃ¬óèÖóâëøćîÖ¬óÈ ą ÿË¬Ú ÂóäÇóÖÂääâ ÂóäØñÿæóñèõèóØ ÂóäÃ¬âÃøÚ ìäøî
ÂäñØČóËČóÿäóØóÈÿßé ÂóäÜæ­Ú ËõÈØäòßã° ìäøîÂ¬îÅèóâăâ¬ëÈÛĂÚëóâÉòÈìèòÕËóãĀÕÚ ßÛè¬ó 
ÜäñËóËÚë¬èÚĂìÎ¬ ä­îãæñ 52.32 äñÛùè¬ó âöÅèóâäùÚĀäÈâóÂ Ë¬èÈāÅèõÕäñÛóÕĀÖ¬ÅÕöîóÎóăâ¬ăÕ­æÕ
Ú­îãæÈ (ÜúäÔõâó, 2564) ÉóÂÃ­îâúæáóèñëòÈÅâăØãÃîÈëáóßòÓÚóÂóäÿéäêÑÂõÉĀæñëòÈÅâĀì¬ÈËóÖõ
î­óÈîõÈÃ­îâúæëČóÚòÂÈóÚÖČóäèÉĀì¬ÈËóÖõ ëñØ­îÚĂì­ÿìĆÚÅÕöîóÎóāÕãäèâ ĂÚăÖäâóë 3 Üö 2564 
ÿßõćâÃ÷ĈÚ 10.3% ÉóÂăÖäâóëÿÕöãèÂòÚÃîÈÜö 2563 ÅÕöãóÿëßÖõÕÿßõćâÃ÷ĈÚ 10.5% ÅõÕÿÜĆÚ 83.3% ÃîÈ
ÅÕöîóÎóäèâ āÕãÿÊßóñÂóäÿëßãóÿëßÖõÕâóÂëùÕ 52.3% ĀæñÅÕöÜäñØùêä­óãÖ¬îØäòßã°ÿßõćâÃ÷ĈÚ 
17.3% āÕãÅÕöæòÂØäòßã°âóÂëùÕ 45.4% ăâ¬è¬óÉñÿÜĆÚÂóäÂäñØČóÖ¬îËöèõÖĀæñØäòßã°ëõÚÃîÈÝú­îøćÚÜòÎìó
ÅèóâÃòÕĀã­ÈÃîÈÝæÜäñāãËÚ° ÜòÎìóØñÿæóñèõèóØ ÜòÎìóãóÿëßÖõÕ Ì÷ćÈÜòÎìóÿìæ¬óÚöĈâòÚâöîóèùÙÜøÚ
âóÿÂöćãèÃ­îÈ ØČóĂì­ÂóäÖäèÉèõÿÅäóñì°ÿÃâ¬óÕõÚÜøÚÉóÂâøîÝú­Ö­îÈëÈëòãĀæñÜæîÂÂäñëùÚÜøÚÿßøćîâóĂË­
ãøÚãòÚÝú­ÂäñØČóÝõÕāÕãĂË­ìæòÂÂóäØóÈÕ­óÚÚõÖõèõãóéóëÖä°âóË¬èãĂÚÂäñÛèÚÂóäëøÛëèÚëîÛëèÚ 
ÿÚøćîÈÉóÂßãóÚìæòÂÑóÚØóÈèõØãóéóëÖä°ÿÜĆÚëõćÈØöćÚ¬óÿËøćî×øîĀæñÿÜĆÚØöćãîâäòÛĂÚÂäñÛèÚÂóä
ãùÖõÙääâĀæñëóâóä×ÚČóăÜĂË­ĂÚÂóäßõÉóäÔóÅÕöĂÚËòĈÚéóæăÕ­ 
 āÕãÜÂÖõÂóäãõÈÜøÚâòÂÉñßÛÿÃâ¬óÕõÚÜøÚØöćàù­ÈÂäñÉóãÖõÕîãú¬ÛäõÿèÔâøîĀæñÿëøĈîÝ­óÃîÈÝú­ãõÈÌ÷ćÈ
ÉñÜäñÂîÛăÜÕ­èãăîîîÚÃîÈÙóÖùăÚÿÖäØĀæñăÚăÖäØ°ÿÜĆÚìæòÂØöćÿÜĆÚë¬èÚÜäñÂîÛëČóÅòÎĂÚÕõÚ
ÜøÚÌ÷ćÈÉñÖäèÉßÛăÕ­ÿâøćîÿÂõÕÉóÂÂóäãõÈÜøÚÿØ¬óÚòĈÚ ăîîîÚÃîÈăÚÿÖäØĀæñăÚăÖäØ°ÿÂõÕÉóÂÂóäÿÝó
ăìâ­ÃîÈÿÃâ¬óÕõÚÜøÚØČóĂì­ëóâóä×ĂË­ãøÚãòÚè¬óÛùÅÅæØöćÖäèÉßÛÜäõâóÔăÚÿÖäØĀæñăÚăÖäØ°ÿÜĆÚ
ÅÚØöćãõÈÜøÚ ×÷ÈĀâ­è¬óÙóÖùăÚÿÖäØëóâóä×ßÛăÕ­ÉóÂĂÚÜù̄ãØČóĂì­ÛùÅÅæØöćÜäñÂîÛîóËößÿÂêÖäÂäÌ÷ćÈ
Ö­îÈĂË­Üù̄ãĂÚÂóäØČóăä¬ĀæñëèÚîóÉâöÜäõâóÔăÚÿÖäØÜñÜÚîãú¬Õ­èã ÕòÈÚòĈÚÉ÷ÈÖ­îÈĂË­ÂóäÖäèÉìó
ÜäõâóÔăÚăÖäØ°ÅèÛÅú¬ÂòÛÂóäÖäèÉëîÛìóÜäõâóÔăÚÿÖäØ ÿßäóñăÚăÖäØ°ßÛăÕ­Ú­îãâóÂĂÚ
ÙääâËóÖõÉ÷Èëóâóä×ÚČóâóĂË­ãøÚãòÚè¬óìóÂÖäèÉßÛÜäõâóÔăÚÿÖäØĀæñăÚăÖäØ°ĂÚÖòèÛùÅÅæĂÕ Ýú­
ÚòĈÚÉ÷ÈâöÅèóâÿÂöćãèÃ­îÈÂòÛîóèùÙÜøÚ 
 ÂóäÖäèÉèõÿÅäóñì°ÜäõâóÔăÚÿÖäØĀæñăÚăÖäØ°âöèõÙöÂóäìæóãîã¬óÈâóÂâóã ëČóìäòÛÂóä
ÖäèÉèòÕØöćâöÅèóâăèĀæñÅèóâĀâ¬ÚãČóëúÈ ÿË¬Ú ÂóäÖäèÉèõÿÅäóñì°ØóÈëÿÜÂāÖäāàāÖÿâÖäö 
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(Spectrophotrometry) (García-Robledo et al., 2014; áõÎÎÕó îòÚëÚòćÚ ĀæñÅÔñ2556), ëÿÜÂāÖäÿâ
Öäö(Spectrometry) ,  āÅäâóāØÂäóàö (Chromatrography) (Michalski & Kurzyca, 2006) ĀæñØóÈ
ÿÅâöăàà­ó (Electrochemistry) (Tan et al., 2021)  ĀÖ¬èõÙöÿìæ¬óÚöĈÖ­îÈĂË­Ýú­ÜÐõÛòÖõÂóäØöćâöØòÂêóÅèóâËČó
ÚóÚĀæñĂË­äöÿîÿÉÚØ° ÿèæó ĀæñÖòèîã¬óÈĂÚÂóäèõÿÅäóñì°ÉČóÚèÚâóÂ É÷ÈâöÂóäßòÓÚóÿØÅÚõÅĂÚÂóä
ÖäèÉèòÕØöćÈ¬óãĀæñäóÅó×úÂÿßøćîÿîóËÚñÃ­îÿëöãÿìæ¬óÚöĈ āÕãĂÚÜöÅ.é. ƘƖƖƝ (Martinez et al., 2007) ăÕ­âö
ĀÚèÅõÕăâāÅäàæúîõÕõÂîùÜÂäÔ°ÖäèÉèõÿÅäóñì°ØöćĂË­ÂäñÕóê (Microfluidic paper-based analytical 
device, µPAD) ÿÜĆÚĀßæÖàîä°âëČóìäòÛÂóäèõÿÅäóñì°ØóÈËöèáóßĀÛÛßÂßó äóÅóăâ¬ĀßÈ ĀæñĂË­
ÜäõâóÔÚ­îãĂÚÂóäèõÿÅäóñì° îùÜÂäÔ°ÜäñÿáØÚöĈÃ÷ĈÚîãú¬ÂòÛÂóäâöîãú¬ÃîÈßøĈÚØöćëîÈë¬èÚØöćĀÖÂÖ¬óÈÂòÚ 
ÅøîßøĈÚØöćØöćËîÛÚČĈóØöćÉòÕÿÖäöãâāÕãÂäñÕóêÌ÷ćÈÿÂõÕÜÐõÂõäõãó (Colorimetric) ĀæñßøĈÚØöćØöćăâ¬ËîÛÚČĈóØöć
ÂČóìÚÕÿÃÖÜÐõÂõäõãóÚöĈ  ĀÚèØóÈÂóäîîÂĀÛÛØöćßÛÛ¬îãØöćëùÕÅøîÂóäßõâß°ÃöĈÝ÷ĈÈÿÚøćîÈÉóÂÿÜĆÚèõÙöØöćÈ¬óã
ĀæñÅ¬îÚÃ­óÈäèÕÿäĆèÌ÷ćÈÿÃ­óÂòÚăÕ­ÂòÛĀîÜßæõÿÅËòÚ µPAD ë¬èÚĂìÎ¬ îã¬óÈăäÂĆÖóâèõÙöÂóäßõâß°
ÜäñÿáØÚöĈÖ­îÈĂË­ÃöĈÝ÷ĈÈØöćâöäóÅóĀßÈĀæñÖ­îÈÿßõćâÃòĈÚÖîÚĂÚÂóäĂì­Åèóâä­îÚ ÅèóâÚ¬óëÚĂÉÃîÈÂóä
ĂË­ÂäñÕóêÿÜĆÚÿÅäøćîÈâøîĂÚÂóäØČóÜÐõÂõäõãóÚòĈÚăâ¬ÿßöãÈ ĀÖ¬âöÖ­ÚØùÚÖČćóĀæñÅèóâßä­îâĂË­ÈóÚëúÈÃîÈ
ÂäñÕóêÿØ¬óÚòĈÚ ĀÖ¬ãòÈâöÚČĈóìÚòÂÿÛóâöĂì­ÿæøîÂìæóãÅèóâìÚóĀæñÅèóâßäùÚÈ¬óãÖ¬îÂóäÉòÕÿÂĆÛĀæñ
ÃÚë¬ÈĀæñÅèóâÚõãâÃîÈ µPADs ÿÂõÕÉóÂÃ­îÕöØöćìæóÂìæóãÚòĈÚÅøî ßÂßóëñÕèÂ äóÅóăâ¬ĀßÈ âö
ÅèóâäèÕÿäĆè ĂË­Āæ­èØõĈÈĀæñìæòÈÉóÂÜäñÂîÛÿëäĆÉĀæ­èăâ¬Ö­îÈĂË­îùÜÂäÔ°ØöćÌòÛÌ­îÚìäøîÛùÅæóÂä
ÿÊßóñØóÈĂÚÂóäèòÕÌ÷ćÈØČóĂì­ÿÜĆÚÿÅäøćîÈâøîØöćÚ¬óëÚĂÉØöćÉñĂË­ĂÚÂóäèõÿÅäóñì°ĂÚë×óÚØöćĂÚë×óÚØöćØöć
ÿÃ­ó×÷ÈãóÂìäøî âöØäòßãóÂäÚ­îãâóÂ ĂÚÜöÅ.é. ƘƖƗƚ (Bhakta et al., 2014) ăÕ­ĂË­îùÜÂäÔ°ÖäèÉèòÕÃîÈ
ăìæÉùæáóÅĀÛÛÂäñÕóêìóÜäõâóÔăÚăÖäØ°ĂÚÚČĈóæóãāÕãèõÙö Griess assay ÖäèÉèòÕāÕãĂË­ÿÅäøćîÈ
ëĀÂÚÿÚîä°ĀæñÚČóăÜÜäñâèæÝæÕ­èãāÜäĀÂäâ Adobe photoshop CS6 ĀæñÚČóÅ¬óØöćăÕ­ăÜ
ÅČóÚèÔìóÜäõâóÔăÚăÖäØ°ÉóÂÂóäî¬óÚÅ¬óÅèóâÿÃ­âëöÉóÂëöâ¬èÈĀÕÈĂÚāÜäĀÂäâ Adobe photoshop 
CS6 Ì÷ćÈî¬óÚÿÜĆÚÅ¬óäúÜĀÛÛ CMYK ĂÚÜöß.é. ƘƛƜƖ (TIAWTRAGUL & Choosakoonkriang, 2562)
ØČóÂóäëä­óÈîùÜÂäÔ° ÖäèÉèòÕÛÚÂäñÕóêĀæñîóéòãÜÐõÂõäõãó Griess ĂÚÂóäÖäèÉèòÕÜäõâóÔăÚăÖäØ°
ĀæñăÚÿÖäØĂÚÖòèîã¬óÈÿÃâ¬óÕõÚÜøÚĀæñĂË­āÜäĀÂäâ Image J ÿÜæöćãÚÿÜĆÚÅ¬óÅèóâÿÃ­âëöÜäõâóÔăÚ
ăÖäØ°ĀæñăÚÿÖäØĂÚÖòèîã¬óÈÿÃâ¬óÕõÚÜøÚØöćÿÂĆÛÖòèîã¬óÈÉóÂâøîÝú­ãõÈĀæñÉóÂÕ­óÚĂÚÃîÈÜæîÂ
ÂäñëùÚÜøÚØöćãõÈĀæ­è ĂÚÜöÅ.é. ƘƖƘƖ (Ferreira et al., 2020)ăÕ­ßòÓÚóîùÜÂäÔ°èõÿÅäóñì°ØöćĂË­ÂäñÕóê
ăâāÅäàæúîõÕõÂ Ƙ ËÚõÕ (µPAD) ëČóìäòÛÂóäìóÜäõâóÔÃîÈăÚăÖäØ°ĀæñăÚÿÖäØÃîÈÖòèîã¬óÈÚČĈóæóã
ÃîÈâÚùêã°ÿßøćîË¬èãĂÚÂóäèõÚõÉÊòãāäÅĀæñëáóèñëùÃáóßØöćÿÂöćãèÃ­îÈÂòÛăîîîÚÿìæ¬óÚöĈ ÂóäèòÕăÚ
ăÖäÖ°×úÂÿÜäöãÛÿØöãÛÂòÛÂóäèòÕØöćăÕ­ÉóÂèõÙöÂóäèòÕëöĀæñèõÙöâóÖäÑóÚ ßÛè¬óăâ¬âöÅèóâĀÖÂÖ¬óÈîã¬óÈ
âöÚòãëČóÅòÎØóÈë×õÖõäñìè¬óÈëîÈèõÙöÚöĈ  
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ĂÚÈóÚèõÉòãÚöĈÝú­èõÉòãăÕ­ØČóßòÓÚóîùÜÂäÔ°ÖäèÉèòÕĀÛÛÂäñÕóêĂÚÂóäĂË­èõÿÅäóñì°ìóÜäõâóÔ
ăÚăÖäØ°ĀæñăÚÿÖäØĂÚÖòèîã¬óÈ GRS āÕãîóéòãÂóäÖäèÉèòÕäñãñØóÈÂóäăìæÃîÈëöËâßúĀÕÈØöć
ÿÂõÕÃ÷ĈÚÉóÂÜÐõÂõäõãó Griess (Giustarini et al., 2008) ØöćÿÂõÕÃ÷ĈÚÉñĀÜäßòÚÖäÈÖóâÅèóâÿÃ­âÃ­ÚÃîÈ
ÜäõâóÔăÚÿÖäØìäøîăÚăÖäØ° 
Ƙ. èòÖ×ùÜäñëÈÅ°ÃîÈÈóÚèõÉòã  
 ÿßøćîßòÓÚóÂóäØČóîùÜÂäÔ°ĀÛÛÂäñÕóêßÂßóÿßøćîĂË­ĂÚÂóäÖäèÉèòÕÜäõâóÔăÚÿÖäØĀæñăÚ
ăÖäØ°ÿËõÈÜäõâóÔĀæñÅùÔáóßăÕ­ 
 ÿßøćîØČóĂì­ëóâóä×ÚČóîùÜÂäÔ°ĀÛÛÂäñÕóêßÂßóăÜĂÚÈóÚÉäõÈăÕ­  
ƙ. ëââÖõÑóÚĀæñÅČó×óâÈóÚèõÉòã  
 îùÜÂäÔ°ĀÛÛÂäñÕóêßÂßóëóâóä×ĂË­ÈóÚĂÚÂóäÖäèÉèòÕÜäõâóÔăÚÿÖäØĀæñăÚăÖäØ°ăÕ­
âöÜäñëõØÙõáóßÿØöãÛÿØ¬óÿÅäøćîÈâøîØöćĂË­ĂÚÂóäèõÿÅäóñì°Ýæ  
ƚ. ÃîÛÿÃÖÃîÈÈóÚèõÉòã  
 4.1 ëä­óÈîùÜÂäÔ°ĀÛÛÂäñÕóêßÂßóāÕãÂóäèòÕäñãñØóÈĂÚÂóäÖäèÉèòÕÜäõâóÔăÚÿÖäØ
ĀæñăÚăÖäØ°āÕãÂóäßõâß°ÂäñÕóêÕ­èãÃöĈÝ÷ĈÈäúÜĀÛÛÖ¬óÈą 
 ƚ.Ƙ é÷ÂêóÿßøćîìóÜäõâóÔÃîÈäöÿîÿÉÚÖ° Griess ĀæñëóäâóÖäÑóÚØöćÿìâóñëâØöćĂË­ÂòÛîùÜÂäÔ°
ĀÛÛÂäñÕóêßÂßóĂÚÂóäÖäèÉèòÕÜäõâóäăÚÿÖäØĀæñăÚăÖäØ°ØöćâöÜäñëõØÙõØöćÕöØöćëùÕ 
 4.3 é÷ÂêóäñãñØóÈÃîÈÂóäØČóÜÐõÂõäõãóÃîÈÂóäìóÜäõâóÔăÚÿÖäØĀæñăÚăÖäØ°ÿßøćîèòÕ
äñãñØóÈ 
 ƚ.ƚ é÷ÂêóÖòèäÛÂèÚÃîÈÜÐõÂõäõãóĂÚÂóäÖäèÉèòÕÜäõâóÔăÚăÖäØĀæñăÚăÖäØ° 
 4.5 ÂóäØÕëîÛÅèóâĂË­ăÕ­ÃîÈèõÙöèõÿÅäóñì°Õ­èãîùÜÂäÔ°ÖäèÉèòÕĀÛÛÂäñÕóê (ĲPAD) 
ĀæñèõÙöèõÿÅäóñì°ĀÛÛâóÖäÑóÚÕ­èãÿÅäøćîÈ Ion chromatography (IC)  
 ƚ.Ɯ ÂóäÖäèÉèòÕÜäõâóÔăÚÿÖäØĀæñăÚăÖäØ°ÉóÂâøîĀæñÜæîÂÂäñëùÚØòĈÈ Ƙ èõÙöèõÿÅäóñì°          
(ĲPAD & IC) ĀæñÚČóâóÿÜäöãÛÿØöãÛÂòÛÂóäÖäèÉèòÕÜäõâóÔăÚÿÖäØĀæñăÚăÖäØ°ÃîÈØòĈÈ Ƙ èõÙö 
ƛ. ÚõãóâÅČóéòßØ°ÿÊßóñ   
 5.1 ÜÐõÂõäõãó Griess assay ÿÜĆÚÂóäØÕëîÛØóÈÿÅâöÿËõÈèõÿÅäóñì°Ì÷ćÈÖäèÉÉòÛÂóäâöîãú¬ÃîÈ 
ăîîîÚăÚăÖäØĂÚëóäæñæóã ăÚăÖäØ°×úÂÖäèÉßÛĀæñèõÿÅäóñì°āÕãÂóäÂ¬îÖòèÃîÈëöËâßúĀÕÈÉóÂ
ÂóäÛČóÛòÕÖòèîã¬óÈØöćâöăÚăÖäÖ°Õ­èãäöÿîÿÉÚÖ° Griess Ì÷ćÈÜäñÂîÛÕ­èãëîÈîÈÅ°ÜäñÂîÛĂÚëóäæñæóã
ØöćÿÜĆÚÂäÕ ăÕ­ĀÂ¬ îÚùßòÚÙ°ÃîÈîñÚõæöÚĀæñëóäÿËøćîâÖ¬î ÂóäÿÖäöãâÂóäāÕãØòćèăÜĂË­ sulfanilamide 
Āæñ N- (1-naphthyl) ethylenediamine Griess reagen ØóÈÂóäÅ­óØòćèăÜÜäñÂîÛÕ­èã 0.2% N- (1-
naphthyl) ethylenediamine dihydrochloride Āæñ 2% sulfanilamide ĂÚ 5% phosphoric acid āÕã 
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diamine ÚöĈĂË­ĀØÚ Ɨ-naphthylamine ØöćÈ¬óãÂè¬óĀæñäóÅó×úÂÂè¬óÿÚøćîÈÉóÂëóäËÚõÕÚöĈÿÜĆÚëóäÂ¬îâñÿäĆÈ
ØöćâöéòÂãáóßĀæñãõćÈăÜÂè¬óÚòĈÚ diamine ãòÈÂ¬îÖòèÿÜĆÚÃòĈèâóÂÂè¬óĀæñÕ­èãÿìÖùÚöĈëöã­îâØöćæñæóãÚČĈóăÕ­
âóÂÂè¬óĂÚÚČĈóØöćÿÜĆÚÂäÕîÚùßòÚÙ°ÃîÈîÚõæöÚîøćÚ ą Øöć×úÂÚČóâóĂË­ ăÕ­ĀÂ¬ sulfanilic acid, nitroaniline, 
and p-aminoacetophenone 

ÜÐõÂõäõãóāÕãĂË­ÚČĈóãó Griess ØòćèăÜ ÂóäØÕëîÛ Griess ÿÂöćãèÃ­îÈÂòÛëîÈÜÐõÂõäõãóØöćÖóââó 
ÿâøćîÿÖõâÌòæàóÚõææóăâÕ°ăÚăÖäÖ°ăîîîÚÉñØČóÜÐõÂõäõãóÂòÛâòÚĂÚÜÐõÂõäõãó Griess diazotization ÿßøćî
ëä­óÈÿÂæøîăÕāÌÿÚöãâÌ÷ćÈÉñØČóÜÐõÂõäõãóÂòÛ N-(1-naphthyl)ethylenediamine ĂÚÜÐõÂõäõãóÂóäÉòÛÅú¬ÃîÈ 
azo ØČóĂì­ÿÂõÕëöã­îâ pink-red azo  

5.2 îùÜÂäÔ°ÖäèÉèõÿÅäóñì°ĀÛÛÂäñÕóêßÂßó ÿÜĆÚÂóäëä­óÈË¬îÈØóÈÂóäăìæÃîÈÃîÈăìæ
ÛÚÂäñÕóê āÕãĀÛ¬ÈÿÜĆÚë¬èÚØöćăâ¬ËîÛÚČĈó (Hydrophobic) ĀæñËîÛÚČĈó (Hydrophilic) 
Ɯ. Ã­îÉČóÂòÕÃîÈÈóÚèõÉòã 
Ɯ.Ɨ ÜäõâóÔÃöĈÝ÷ĈÈØöćĂË­ĂÚÂóäĀè®ÂëÂäöÚÛÚÂäñÕóêÂäîÈÖ­îÈâöÜäõâóÔăâ¬ÿÂõÚ Ɩ.ƘƖƖƖ g 

ăâ¬îã¬óÈÚòĈÚÉñØČóĂì­ăâ¬ëóâóä×ÂòĈÚßøĈÚØöćËîÛÚČĈóăÕ­ 
Ɯ.Ƙ ÂäñÕóêÂäîÈØöćĂË­ĂÚÈóÚèõÉòãÚöĈÖ­îÈĂË­ÂäñÕóêÂäîÈ ÂäîÈ Schleicher&Schüll 

Rundfilter 5893 Blue ribbon filter paper ÿÚøćîÈÉóÂÂäñÕóêÂäîÈËÚõÕÚöĈâöÅèóâÿìâóñëâØöćëùÕĂÚ
ÿäøćîÈÃîÈÂóäÕúÕÌòÛĀæñäñãñÿèæóĂÚÂóäăìæ 
Ɯ.ƙ äñãñÿèæóĂÚÂóäèòÕäñãñÖ­îÈèòÕĂÚË¬èÈÿèæó ƗƖ -Ɨƛ ÚóØö ăâ¬îã¬óÈÚòĈÚäñãñØóÈÉöÅèóâ

ÅæóÕÿÅæøćîÚëúÈ 
Ɯ.ƚ îùÜÂäÔ°ÖäèÉèòÕĀÛÛÂäñÕóêĂÚÈóÚèõÉòãÚöĈăâ¬ëóâóä×ÛääÉùäöÿîÿÉÚØ°ăè­Â¬îÚĂÚÂóä

ÖäèÉèòÕĂÚèòÚîøćÚ ÿßäóñäöÿîÿÉÚØ°ÉñØČóÜÐõÂõäõãóîîÂÌõÿÕËòćÚØČóĂì­ÿëøćîâëáóß 
7. ÜäñāãËÚ°ØöćÅóÕè¬óÉñăÕ­äòÛ 
 îùÜÂäÔ°ĀÛÛÂäñÕóêßÂßóëóâóä×ĂË­ĂÚÂóäÖäèÉèòÕÜäõâóÔăÚÿÖäØĀæñăÚăÖäØ°ăÕ­ÉäõÈ 
Āæñëóâóä×ăÜĂË­ĂÚÈóÚáóÅëÚóâăÕ­ 
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ÛØØöć Ƙ  
ĀÚèÅõÕ ØåêÐö ĀæñÈóÚèõÉòãØöćÿÂöćãèÃ­îÈ 

Âóäé÷ÂêóĂÚÂóäßòÓÚóîùÜÂäÔ°ĀÛÛÂäñÕóêßÂßóËÚõÕèòÕäñãñØóÈĂÚÂóäÖäèÉèòÕ
ÜäõâóÔăÚăÖäØĀæñăÚăÖäØ° Ýú­èõÉòãăÕ­é÷ÂêóĀÚèÅõÕ ØåêÐö ĀæñèääÔÂääâØöćÿÂöćãèÃ­îÈÕòÈÖ¬îăÜÚöĈ 
 Ɨ. îóèùÙÜøÚ (Firearms)  
 2. ÿÃâ¬óÕõÚÜøÚ (Gunshot residue , GSR) 
 3. ăÚÿÖäØĀæñăÚăÖäØ° (Nitrate and Nitrites) 
 4. äöÿîÿÉÚØ° Griess (Griess reagent) 
 5. îùÜÂäÔ°ÖäèÉèòÕĀÛÛÂäñÕóê (Paper-base analytic device) 
 6. ÿØÅÚõÅ Ion chromatrography (IC) 
 7. èääÔÂääâØöćÿÂöćãèÃ­îÈ  
Ɨ. îóèùÙÜøÚ  

 îóèùÙÜøÚÅøîÜøÚÜäñÿáØĂÕÂĆÖóâØöćîîÂĀÛÛĂì­È¬óãÖ¬îÂóäßÂßóĀæñĂË­ÈóÚāÕã
ÛùÅÅæ ÅČóÚöĈÂČóìÚÕăè­ÖóâÂÏìâóãÿßõćâÿÖõâĂÚÜäñÿØéÖ¬óÈą îóèùÙÜøÚËùÕĀäÂâöÖ­ÚÂČóÿÚõÕĂÚÉöÚĂÚ
ÅäõëÖ°éÖèääêØöć ƗƖ ÿâøćîØ¬îăâ­ăÝ¬ØöćÛääÉùÕõÚÜøÚĀæñÂäñëùÚæúÂÜäóã×úÂÖõÕÖòĈÈÛÚìîÂÿßøćîØČóìîÂ
ÕòÛÿßæõÈĀÛÛßÂßó ØöćÅèÛÅùâăÕ­āÕãÛùÅÅæÿßöãÈÅÚÿÕöãè Ì÷ćÈÖ¬îâóĂË­îã¬óÈâöÜäñëõØÙõáóßÿÜĆÚîóèùÙ
ÂäñĀØÂĂÚÂóäæ­îâāÉâÖö ÃîÈ De'an ĂÚÜö Å.é. ƗƗƙƘ ĂÚéÖèääêØöć Ɨƙ ×òÈÕòÛÿßæõÈ×úÂĀØÚØöćÕ­èãØ¬î
āæìñĀæñÿÜæöćãÚÿÜĆÚÜøÚĂìÎ¬ĀÛÛæČóÂæ­îÈØČóÕ­èãāæìñ ÿØÅāÚāæãöÅ¬îãą Āßä¬ÂäñÉóãăÜØòćèãúÿä
ÿÌöãĂÚË¬èÈéÖèääêØöć Ɨƚ îóèùÙÜøÚäù¬ÚÿÂ¬óâòÂĂË­ÝÈëöÕČóÿÜĆÚÖòèÃòÛÿÅæøćîÚ ĀÖ¬ÜøÚëâòãĂìâ¬ĂË­ÝÈăä­ÅèòÚ
ìäøîëóäÃòÛÿÅæøćîÚîøćÚą îóèùÙÜøÚëâòãĂìâ¬ë¬èÚĂìÎ¬ ãÂÿè­ÚÜøÚæúÂÌîÈëâúØÛîä° âöæČóÂæ­îÈÜøÚãóè
ÿßøćîĂì­ìâùÚăÜãòÈāßäÿÉÂăØæ°ÿßøćîÿßõćâÿë×öãäáóßĂÚÂóäÛõÚîóèùÙÜøÚëâòãĂìâ¬ëóâóä×îÙõÛóãăÕ­
Õ­èãÃÚóÕæČóÂæ­îÈ ëČóìäòÛÜøÚßÂĀæñÜøÚăäÿàõæ ÉñâöìÚ¬èãÿÜĆÚâõææõÿâÖäìäøîÚõĈè ìäøîĂÚÂäÔöÃîÈ
ÜøÚæúÂÌîÈÖóâÃÚóÕ ÚîÂÉóÂÚöĈãòÈîÙõÛóãÖóâÜäñÿáØÃîÈÂóäÂäñØČóØöćĂË­ ÂóäÉČóĀÚÂÜäñÿáØ
ÿßõćâÿÖõâîóÉî­óÈîõÈ×÷ÈÜäñÿáØÃîÈæČóÂæ­îÈÜøÚØöćĂË­ĀæñÅèóâãóèæČóÂæ­îÈÜøÚ ÉÚ×÷ÈÂæăÂÂóäãõÈ, 
ÉÚ×÷ÈÉùÕÜäñëÈÅ°ìæòÂÃîÈÂóäîîÂĀÛÛìäøîËøćîØöćÿÜĆÚØöćãîâäòÛāÕãØòćèăÜëČóìäòÛäúÜĀÛÛÿÊßóñ 
ĀæñăÕ­âöÂóäĀÛ¬ÈÉČóĀÚÂÜäñÿáØÃîÈîóèùÙÜøÚ (Mizokami, 2022) 

1.1 ÜäñÿáØÃîÈÜøÚ (Type of Guns) 
ÜòÉÉùÛòÚâöÜøÚìæóãÜäñÿáØìâùÚÿèöãÚîãú¬ ĀÖ¬ëóâóä×ĀÛ¬ÈîîÂÿÜĆÚëîÈÜäñÿáØ ăÕ­ĀÂ¬ ÜøÚ

ãóè ăÕ­ĀÂ¬ ÜøÚăäÿàõæĀæñÜøÚæúÂÌîÈ ĀæñÜøÚßÂ äèâ×÷ÈÜøÚßÂĀæñÜøÚßÂ ÖóâÂÏØòćèăÜ ÜøÚãóèÉñ



  6 

ãõÈÂäñëùÚÃÚóÕĂìÎ¬ÉóÂæČóÂæ­îÈÜøÚãóèĀæñâöÉùÕâù¬ÈìâóãÿßøćîãõÈÉóÂăìæ¬ ÜøÚßÂÿÜĆÚîóèùÙæČóÂæ­îÈ
ÿæĆÂÂè¬óØöćâöæČóÂæ­îÈÜøÚëòĈÚÂè¬ó Āæñâöăè­ëČóìäòÛÂóäãõÈÕ­èãâøîÿÕöãèìäøîØòĈÈëîÈÃ­óÈ 

1.1.1 Bolt-action rifles (ăäÿàõææúÂÿæøćîÚ) 
äúÜĀÛÛîóèùÙÜøÚØöćÈ¬óãØöćëùÕĂÚÜòÉÉùÛòÚ Åøî ăäÿàõææúÂÿæøćîÚ ãõÈāÕãÂóäÂÕāÛæÖ°ăÜÃ­óÈìÚ­ó 

ÿìÚöćãèăÂ Õ÷ÈāÛæÖ°ÂæòÛÿßøćîÜæÕÅóä°ØäõÕÉ° (Cartridge) ÿÜæ¬ó ĀæñÕòÚāÛæÖ°ăÜÃ­óÈìÚ­óîöÂÅäòĈÈÿßøćî
ÛääÉùÅóä°ØäõÕÉ°Ăìâ¬ ÿÚøćîÈÉóÂæòÂêÔñÂóäĂË­ÈóÚÃîÈâòÚÿîÈ ÜøÚāÛæÖ°ĀîÅËòćÚÉ÷ÈĀâ¬ÚãČóĀÖ¬ãõÈăÕ­Ë­ó 
ÜøÚăäÿàõæĀîÅËòćÚāÛæÖ°ÛääÉùÂäñëùÚëöć×÷ÈëõÛÚòÕĂÚÚõÖãëóäáóãĂÚìäøîĀÛÛ×îÕăÕ­ Öòèîã¬óÈÃîÈ
ÜøÚăäÿàõææúÂÿæøćîÚăÕ­ĀÂ¬ Remington 700 Āæñ Howa 1500 

1.1.2 Lever-action rifles (ăäÿàõæÅóÚÿìèöćãÈ) 
ÜøÚăäÿàõæÿìæ¬óÚöĈâöîóãùã­îÚăÜ×÷ÈéÖèääêØöć 19 ĀæñâòÂßÛÿìĆÚĂÚáóßãÚÖä°ÖñèòÚÖÂ Âóä

Õ÷ÈÅòÚāãÂØöćÖõÕîãú¬ÂòÛÜøÚăäÿàõæÛääÉùÂäñëùÚĂìâ¬ Ýú­ĂË­Õ÷ÈăÂÜøÚ ĀæñÅòÚāãÂîöÂîòÚÕ÷ÈÅóä°ØäõÕÉ°
(Cartridge) ÿÜæ¬óîîÂâóĀæ­èÛääÉùÂäñëùÚĂìâ¬ ÖČóĀìÚ¬ÈÃîÈÅòÚāãÂØČóĂì­ãõÈăÕ­ÿäĆèÂè¬óÜøÚăäÿàõææúÂ
ÿæøćîÚâóÂ Öòèîã¬óÈëâòãĂìâ¬ ăÕ­ĀÂ¬ Winchester 94 Āæñ Marlin 336 

1.1.3 Semi-automatic rifles (ăäÿàõæÂ÷ćÈîòÖāÚâòÖõ) 
îóèùÙÿìæ¬óÚöĈîóÉĀÖÂÖ¬óÈÂòÚâóÂ ĀÖ¬æòÂêÔñØòćèăÜÅøîØùÂÂóäÿìÚöćãèăÂÜøÚÉñÜæ¬îãÂäñëùÚ

ìÚ÷ćÈÚòÕ ĀæñÂóäāìæÕÂäñëùÚĂìâ¬ÿÜĆÚăÜāÕãîòÖāÚâòÖõ ÜøÚÿìæ¬óÚöĈÛóÈÅäòĈÈÿäöãÂè¬óîóèùÙ 
"îòÖāÚâòÖõ" ĀÖ¬ĂÚÂäÔöÚöĈ ÅČóÚöĈìâóã×÷ÈÂóäāìæÕ ăâ¬ĂË¬ÂóäãõÈ ÂäñÛèÚÂóäÛääÉùîòÖāÚâòÖõâòÂÉñ
ÿÂöćãèÃ­îÈÂòÛÂóääöăÌÿÅõæÂ®óÌìäøîāâÿâÚÖòâÃîÈÜøÚÕõÚÜøÚÛóÈë¬èÚĀæ­èĂË­ÿßøćîÃòÛÅóä°ØäõÕÉ°
(Cartridge) ÿÜæ¬óĀæñÛääÉùÂäñëùÚĂìâ¬ ÜøÚăäÿàõæÂ÷ćÈîòÖāÚâòÖõÉČóÚèÚâóÂâöÚõÖãëóäáóãÚîÂØöć
ÛääÉùÂäñëùÚăÕ­ 5 ×÷È 30 ÚòÕ Ì÷ćÈëóâóä×ÿÜæöćãÚĀÜæÈăÕ­îã¬óÈäèÕÿäĆèÿßøćîÛääÉùîóèùÙĂìâ¬ Öòèîã¬óÈ
ÃîÈÂ÷ćÈîòÖāÚâòÖõ ăÕ­ĀÂ¬ ÜøÚăäÿàõæ AR-15 Āæñ Browning BAR  

1.1.4 Shotguns (ÜøÚæúÂÌîÈ) 
ÜøÚæúÂÌîÈÿÜĆÚÜøÚãóèæČóÂæ­îÈĂìÎ¬ØöćãõÈÿìæĆÂÃÚóÕÿæĆÂÉČóÚèÚâóÂìäøîÿâĆÕÖñÂòćè ("ËĆîÖ") 

ÉČóÚèÚâóÂÕ­èãÂóäÿìÚöćãèăÂĀÖ¬æñÅäòĈÈĀØÚØöćÉñÿÜĆÚÂäñëùÚÚòÕÿÕöãè ÂäñëùÚßù¬ÈîîÂÉóÂæČóÂæ­îÈ
ÜøÚĂÚäúÜĀÛÛÂäèãĀÅÛą ÂóäĀßä¬ÂäñÉóãÚöĈË¬èãÝú­ãõÈĂÚÂóäÖöëòÖè°ÿæĆÂ ą ĂÚÿÂâāÕãÿÊßóñÝú­ØöćÛõÚ
ÿË¬ÚÿÜĆÕ ÃÚóÕÃîÈËĆîÖĀÖÂÖ¬óÈÂòÚăÜ āÕãËĆîÖÚÂØöćâöÃÚóÕÿæĆÂÂè¬óâöāîÂóëÚ­îãØöćÉñÇ¬óìäøîØČóĂì­
âÚùêã°ăä­Åèóâëóâóä× ĂÚÃÔñØöćÛòÅËĆîÖØöćĂìÎ¬Âè¬óÉñâöÜäñāãËÚ°âóÂÂè¬óëČóìäòÛÂóäÜ­îÈÂòÚÛ­óÚ 
ÜøÚæúÂÌîÈëóâóä×ÿÜĆÚîóèùÙĀÛÛÚòÕÿÕöãèăÕ­ îóèùÙëúÛÚČĈóÌ÷ćÈì­îÈëúÛÚČĈóìÚ÷ćÈì­îÈÿÜĆÚØäÈÂæâ ìäøî
Â÷ćÈîòÖāÚâòÖõ Öòèîã¬óÈÃîÈÜøÚæúÂÌîÈ ăÕ­ĀÂ¬ Mossberg 500 Āæñ Remington 870 
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1.1.5 Revolvers (ÜøÚæúÂāâ¬) 
ÜøÚæúÂāâ¬âòÂßÛÿìĆÚăÕ­ĂÚâøîÃîÈÅóèÛîãĂÚāäÈáóßãÚÖä° āÕãÿÜĆÚÜøÚßÂìæóãÚòÕËùÕ

ĀäÂ āÕãÿÂĆÛÂäñëùÚăÕ­âóÂ×÷ÈÿÉĆÕÚòÕĂÚÂäñÛîÂìâùÚØöćÉòÛÅú¬ÂòÛÂäñÛîÂÜøÚĀæñÂæăÂÂóäãõÈ (äèâ
×÷ÈßõÚÂóäãõÈ) ĂÚÜøÚßÂæúÂāâ¬ëâòãĂìâ¬ ÂóäÕ÷ÈăÂÜøÚÿßöãÈÅäòĈÈÿÕöãèÉñØČóĂì­ÂäñÛîÂëúÛÿÅæøćîÚØöćăÜ
ãòÈÅóä°ØäõÕÉ°Ăìâ¬ Õ÷ÈÅ­îÚÂæòÛ ĀæñÜæ¬îãÅ­îÚÿßøćîāÉâÖöăßäÿâîä°Õ­èãìâùÕãõÈ ÿßøćîãõÈÜøÚßÂ ÜøÚßÂ
ëâòãĂìâ¬×øîÿÜĆÚîóèùÙÂ÷ćÈîòÖāÚâòÖõ Öòèîã¬óÈ ăÕ­ĀÂ¬ Smith & Wesson Model 686 Āæñ Ruger GP100 

1.1.6 Pistols (ÜøÚßÂÂ÷ćÈîòÖāÚâòÖõ) 
ÜøÚßÂÅøîÜøÚßÂØöćăâ¬ĂË­ÂäñÛîÂìâùÚ Āâ­è¬óÉñâöÜøÚßÂĀÛÛÚòÕÿÕöãèîãú¬Û­óÈ ĀÖ¬ÜøÚßÂë¬èÚ

ĂìÎ¬ĂÚØùÂèòÚÚöĈÿÜĆÚÜøÚßÂĀÛÛÂ÷ćÈîòÖāÚâòÖõØöćÛääÉùÅóä°ØäõÕÉ°ÉóÂÚõÖãëóäØöć×îÕîîÂăÕ­Ì÷ćÈîãú¬ØöćÕ­óâ
ÉòÛ Ì÷ćÈĀÖÂÖ¬óÈÉóÂÜøÚßÂæúÂāâ¬ Ì÷ćÈāÕãØòćèăÜĀæ­èÉñÉČóÂòÕăè­ăâ¬ÿÂõÚìÂìäøîÿÉĆÕäîÛ ÜøÚßÂ
ëâòãĂìâ¬ëóâóä×ÛääÉùÂäñëùÚăÕ­âóÂ×÷È 17 äîÛĂÚÚõÖãëóäìÚ÷ćÈÊÛòÛ Öòèîã¬óÈ ăÕ­ĀÂ¬ Glock 17 
ĀæñäñÛÛÜøÚßÂĀÛÛāâÕúæóä° M17 ÃîÈÂîÈØòßÛÂ ìäøîØöćÿäöãÂè¬ó Sig P320 

 
Ƙ. ÿÃâ¬óÕõÚÜøÚ 
 ÿÃâ¬óÕõÚÜøÚ (Gunshot Residue, GSR) ÜäñÂîÛÕ­èãîÚùáóÅØòĈÈìâÕØöć×úÂÃòÛîîÂÉóÂÜóÂ
ÂäñÛîÂÜøÚìæòÈÉóÂÂóäÜæ¬îãÂäñëùÚÜøÚîîÂâóÂ ÜäñÂîÛÕ­èãîÚùáóÅØöć×úÂÿÝóăìâ­Āæñăâ¬ÿÝó
ăìâ­ÉóÂÖòèÉùÕËÚèÚØ­óãÂäñëùÚÜøÚ (Explosive primer ) ÕõÚë¬ÈÂäñëùÚÜøÚ (Propellant) ĀæñÖñÂòćè
ØöćäñÿìãÂæóãÿÜĆÚăî (Vaporized lead) ÂóäãõÈÂäñëùÚØČóĂì­ÿÂõÕÜÐõÂõäõãóäñÿÛõÕØöćäùÚĀäÈâóÂÌ÷ćÈîãú¬
áóãĂÚÂäñÛîÂÜøÚ GSR ÉóÂÂäñëùÚÜøÚâöÅèóâìâóãÅäîÛÅæùâĀæñîóÉäèâ×÷ÈÿéêāæìñÉóÂ
ÜæîÂÂäñëùÚÜøÚ ÜæîÂÂäñëùÚ ÖæîÕÉÚëõćÈëÂÜäÂìäøîëóäÖÂÅ­óÈîøćÚ ą Øöćîãú¬áóãĂÚæČóÂæ­îÈÜøÚØöć
îóÉìæùÕîîÂâóăÕ­(Selin, 2013)     

2.1 îÈÅ°ÜäñÂîÛĂÚÿÃâ¬óÕõÚÜøÚ                                                                                                                                           
ÙóÖùìæòÂØöćĂË­äñÛùè¬óÿÜĆÚîÈÅ°ÜäñÂîÛÃîÈÿÃâ¬óÕõÚÜøÚ Åøî ÖñÂòćè (Pb), ßæèÈ (Sb) ĀæñĀÛÿäöćãâ (Ba) 

2.2 ÂóäÖäèÉÿÃâ¬óÕõÚÜøÚ 
2.2.1 ÂóäÖäèÉÿÃâ¬óÕõÚÜøÚØöćâøî ÿßøćîäñÛùè¬ó ÛùÅÅæÚòĈÚăÕ­ãõÈÜøÚâóìäøîăâ¬ āÕãÂóäÖäèÉìó

ÙóÖùØöćÿÜĆÚîÈÅ°ÜäñÂîÛÃîÈÿÃâ¬óÕõÚÜøÚ Åøî ÖñÂòćè ßæèÈ ĀæñĀÛÿäöćãâ ÿÃâ¬óÕõÚÜøÚÉñÖõÕîãú¬ÛäõÿèÔ
ÝõèìÚòÈăÕ­ÚóÚ×÷È Ƙ îóØõÖã°Āâ­ÉñØČóÅèóâëñîóÕÝõèìÚòÈĀæ­èÂĆÖóâĀÖ¬ÂóäÖäèÉìóÿÃâ¬óÕõÚÜøÚÛÚ
ÝõèìÚòÈéß ÉñÖ­îÈÿÂĆÛÖòèîã¬óÈÿÃâ¬óÛÚÝõèìÚòÈéßáóãĂÚ Ƙƚ ËòćèāâÈ ìæòÈÂóäãõÈ  

2.2.2 ÂóäÖäèÉìóëóäăÚÿÖäØĀæñăÚăÖäØ°ÿßøćîäñÛùè¬ó ÛäõÿèÔØöćÖäèÉÿÃâ¬óÕõÚÜøÚ îãú¬ì¬óÈ
ÉóÂÜóÂÂäñÛîÂÜøÚÿÜĆÚäñãñÿØ¬óĂÕ ĂË­ĂÚÂóäÜäñÿâõÚäñãñãõÈ  
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2.3 Āìæ¬ÈÂČóÿÚõÕÿÃâ¬óÜøÚ    
 ÿÃâ¬óÕõÚÜøÚ ÿÜĆÚÝæâóÉóÂÂóäØČóÈóÚÃîÈîóèùÙÜøÚĀæñÿÅäøćîÈÂäñëùÚÜøÚØöćÿÂõÕìæòÈÉóÂăÕ­

ÿìÚöćãèăÂÜøÚ āÕãÿÃĆâÉùÕËÚèÚÉñÿÅæøćîÚØöćăÜÿÃ­óăÜËÚÂòÛËÚèÚØöćîãú¬ÛäõÿèÔØ­óãÂäñëùÚÜøÚÖäÈ
ÛäõÿèÔØöćäòÈÿßæõÈ ØČóĂì­ËÚèÚØ­óãÂäñëùÚÜøÚÿÂõÕÂóääñÿÛõÕÿÜĆÚÿÜæèăàÿßøćîĂË­ĂÚÂóäÉùÕÕõÚë¬È
ÂäñëùÚÜøÚĂì­ÿÂõÕÂóäæùÂăìâ­ ÂóääñÿÛõÕÃîÈËÚèÚØ­óãÂäñëùÚÜøÚĀæñÂóäÿÝóăìâ­ÃîÈÕõÚë¬È
ÂäñëùÚÜøÚÿÂõÕÃ÷ĈÚĂÚË¬èÈîã¬óÈäèÕÿäĆèĀæñâößøĈÚØöćØöćÉČóÂòÕ ë¬ÈÝæĂì­îùÔìáúâõĀæñÅèóâÕòÚÿÂõÕ
ÿÜæöćãÚĀÜæÈîã¬óÈÂñØòÚìòÚ ĀæñÿÂõÕÅèóâä­îÚĀæñĂì­ÜäõâóÔĀÂ®ëÉČóÚèÚâóÂ āÕãĀÂ®ëØöćăÕ­Éñ
ÃãóãÖòèÂæóãÿÜĆÚĀäÈäñÿÛõÕÅèóâÕòÚëúÈÕòÚîîÂ É÷ÈØČóĂì­ÜæîÂÂäñëùÚÜøÚÿÂõÕÂóäÃãóãîîÂăÜËÚ
ÿÃ­óÂòÛáóãĂÚÝÚòÈÃîÈäòÈÿßæõÈ ë¬ÈÝæĂì­ÛäõÿèÔÜæóãÜæîÂÂäñëùÚÜøÚØöćã÷ÕæúÂÂäñëùÚÿÂõÕÂóäÅæóã
Öòè ĀäÈÕòÚäñÿÛõÕØòĈÈìâÕÉ÷ÈâöØõéØóÈÂóäÂäñØČóăÜØóÈÕ­óÚìÚ­óìäøîÛäõÿèÔÜæóãÃîÈÜæîÂÂäñëùÚ
ÜøÚ ÃòÛĂì­æúÂÂäñëùÚÜøÚèõćÈîîÂÉóÂÜæóãÜæîÂÂäñëùÚÜøÚÝ¬óÚØóÈÜóÂæČóÂæ­îÈÜøÚ ÚîÂÉóÂÚöĈ ĀäÈ
äñÿÛõÕãòÈÃòÛÿîóÂæù¬âĀÂ®ëĀæñăî ØöćÿÂõÕÉóÂÂóäÿÝóăìâ­Ăì­Ý¬óÚîîÂâóØóÈÜóÂæČóÂæ­îÈÜøÚ āÕãßó
ÿîóÿÃâ¬óÜøÚìäøîë¬èÚØöć ìæÈÿìæøîîãú¬ìæòÈÉóÂÂóäÿÝóăìâ­îîÂâóßä­îâÂòÚÕ­èã  
3. ăÚÿÖäØĀæñăÚăÖäØ° 

3.1 ăÚăÖäØ° (NO-2)  
ăÚăÖäØ°ÿÜĆÚë×óÚñîîÂÌõÿÕËòÚäñÕòÛÂæóÈäñìè¬óÈĀîâāâÿÚöãĀæñăÚÿÖäØĀæñëóâóä×

ÿÂõÕÃ÷ĈÚăÕ­ÉóÂÂóäæÕæÈÃîÈăÚÿÖäØáóãĂÖ­ëáóèñØöćâöîîÂÌõÿÉÚăâ¬ÿßöãÈßî ăÚăÖäØ°ãòÈÿÜĆÚèòÖ×ùÿÉøî
ÜÚîóìóä (food additive) ÚõãâĂË­ĂÚäúÜÃîÈāÌÿÕöãâăÚăÖäØ° (sodium nitrite) ĀæñāßĀØëÿÌöãâăÚ
ăÖäØ° (potassium nitrite) ăÚăÖäØ°ÿÂõÕÉóÂÂóäØöćÿÂæøîÃîÈăÚÿÖäØ×úÂäöÕõèÌ° ÿË¬Ú ÿÂæøîāÌÿÕöãâăÚÿÖ
äØĀæñāßĀØëÿÌöãâăÚÿÖäØ (ÕõÚÜäñëõè) E-number ÃîÈëóäĂÚÂæù¬âăÚÿÖäØ (nitrates) ØöćîÚùÎóÖ
Ăì­ĂË­ÿÜĆÚèòÖ×ùÿÉøîÜÚîóìóä (food additive) ĂÚÂæù¬âëóäÂòÚ ÿëöã (preservative)  

 
áóßØöć 1 āÅäÈëä­óÈÃîÈăÚăÖäØ° (NO-2) 

 

3.2 ăÚÿÖäØ (NO-3) 
ăÚÿÖäØ ÿÜĆÚÂæù¬âăîîîÚØöćâöìæóãîñÖîâ (Polyatomic ion) âöâèæāâÿæÂùæÿØ¬óÂòÛ 62.01 

ÕîæÖòÚ ăÚÿÖäØÿÜĆÚëóäØöćëóâóä×ßÛăÕ­āÕãØòćèăÜÖóâÙääâËóÖõÿË¬ÚĂÚÜù̄ãìäøîÞù¬ÚæñîîÈĂÚ
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îóÂóé ÚîÂÉóÂÚòĈÚãòÈÿÜĆÚîîÂÌõăÕÌ°ÌõÈÿîÿÉÚØ° (Oxidizing agent, ëóäÿÅâöØöćäòÛîõÿæĆÂÖäîÚØöćîãú¬ĂÚ
äúÜîõÿæĆÂÖäîÚîõëäñ) ØöćÕöÿâøćîÝëâÿÃ­óÂòÛ ăïāÕäÅóä°ÛîÚ (Hydrocarbon) ìäøîÅóä°āÛăïÿÕäÖ 
(Carbohydrate) ăÚÿÖäØëóâóä×ØČóĂì­ë¬èÚÝëâÿÂõÕÿÜæèăàìäøîäñÿÛõÕăÕ­Öòèîã¬óÈÿË¬Ú 
āßĀØëÿÌöãâăÚÿÖäØÿÜĆÚ Oxidizing agent ĂÚÕõÚÜøÚ  

ăÚÿÖäÖÿÜĆÚăÚāÖäÿÉÚîîÂăÌÕ° (nitrogen oxoanion) ØöćÿÂõÕÉóÂÂóäëúÎÿëöãāÜäÖîÚÉóÂ
ÂäÕăÚÖäõÂ Å¬óÅèóâÿÜĆÚÂäÕÿÛëÜÂÖõîãú¬Øöć pH 7.3  

            
 

 

 
 
 
 

áóßØöć 2 āÅäÈëä­óÈÃîÈăÚÿÖäØ (NO-3) 
 
4. Griess reagent  

èõÙöÂóäÖäèÉèõÿÅäóñì°ăÚÿÖäØĀæñăÚăÖäØØöćÿÜĆÚØöćÚõãâØöćëùÕĀæñĂË­Û¬îãâóÂØöćëùÕÉñîóéòã
ÜÐõÂõäõãó Griess ØöćĂË­ËøćîÖóâÛùÅÅæØöćăÕ­ÅõÕÅ­ÚÚòćÚÂĆÅøî Johann Peter Griess ÿÜĆÚÚòÂÿÅâöËóèÿãîäâòÚ 
(Yates & Yates, 2016) ăÕ­îÙõÛóãÿÂöćãèÂòÛäóãæñÿîöãÕÂóäëòÈÿÅäóñì° azo dye 
´Diazobenzolamidonaphtolµ āÕãâöëóäÖòĈÈÖ­ÚÿÜĆÚ diazobenzene Āæñ naphthylamine Āæñÿßøćîÿßõćâ 
Åèóâëóâóä×ĂÚÂóäæñæóãÚČĈóÃîÈ azo dye É÷ÈĀØÚØöć diazobenzene Õ­èã diazobenzene sulfonic 
acidÿÖäöãâăÕ­ÉóÂ sulfanilic acid ĀæñÖ¬îâóăÕ­âöÂóäÚČóăÜĂË­ÖäèÉßõëúÉÚ°ä¬îÈäîãÃîÈ nitrous acid 
āÕãÜÐõÂõäõãó Griess ĀÛÛÕòĈÈÿÕõâÚòĈÚ ÿÂõÕÉóÂ nitrite ØČóÜÐõÂõäõãóÂòÛ sulfanilic acid áóãĂÖ­ ëáóèñ
ÂäÕ ÿßøćîëä­óÈ diazonium ion ÿßøćîăÜÉòÛÅú¬ÂòÛ ɻ-naphthylamine ÂæóãÿÜĆÚ azo dye ëöâ¬èÈĀÕÈ Øöć
ëóâóä×æñæóãÚ­ó ăÕ­āÕãâöëúÖäāâÿæÂùæÃîÈÝæõÖáòÔÒ°ØöćăÕ­ÉóÂÜÐõÂõäõãóÿÜĆÚ C16H13N3 SO3 Āæñâö
ÂóäÚČóÜÐõÂõäõãó Griess ăÜÜäòÛÿÜæöćãÚÿßøćîĂË­ÂòÛÂóäìóăÚÿÖäØĂÚÜòëëóèñ 

ÜÐõÂõäõãó Griess ĀÛÛÕòĈÈÿÕõâ ÿÜĆÚÜÐõÂõäõãó diazotization ØöćĂË­äöÿîÿÉÚÖ°ÿÜĆÚ sulfanilic acid 
Āæñ ɻ-naphthylamine ÿäöãÂè¬ó Griess äöÿîÿÉÚÖ°ĀæñîóÉÚČóëóäîÚùßòÚÙ°âóĂË­āÕãÖòèØöćāÕÕÿÕ¬ÚÅøî 
sulfanilamide Ā æ ñ N-(1-naphthyl) ethylenediamine (NED ìäøî NEDA) āÕã sulfanilamide ØČó



  10 

ÜÐõÂõäõãóÂòÛăÚăÖäØ°ăîîîÚĂÚëáóèñ ÂäÕ ÿÂõÕÿÜĆÚ diazonium salt ÉóÂÚ­òÚØČóÜÐõÂõäõãóÂòÛ NED 
ÿÂõÕÿÜĆÚ azo compound Ăì­ëöâ¬èÈĀÕÈ 

ëČóìäòÛăÚÿÖäØăîîîÚÖ­îÈØČóÂóääöÕõèÌ°Ăì­ÿÜĆÚăÚăÖäØ°ăîîîÚÂ¬îÚ Āæ­èÉ÷ÈÖóâÕ­èã
ÜÐõÂõäõãó Griess èõÙöÂóääöÕõèÌ°ăÚÿÖäØâöìæóÂìæóãèõÙöÿË¬Ú ÂóäĂË­ÿîâăÌâ°ăÚÿÖäØäöÕòÂÿØë, 
NADPH, reducing metals (Zn, Cd, Cd/Cu column) Āæñ VCl3 Ì÷ćÈÂóäĂË­ reducing metals ×øîè¬ó 
ÿÜĆÚØöćÚõãâĂË­ÂòÚâóÂÂè¬ó 

 

 
áóßØöć 3 ÜÐõÂõäõãó Griess                                                                                                                     

Øöćâó:Evaluation of novel Griess-reagent candidates for nitrite sensing in aqueous media 
identified via molecular fingerprint searching.2019;Available form: 

https://pubs.rsc.org/en/content/articlehtml/2019/ra/c8ra07656a 
 

5. îùÜÂäÔ°ÖäèÉèòÕĀÛÛÂäñÕóê (Paper-base analytic device) 
ÿÜĆÚîùÜÂäÔ°ØöćĂË­ĂÚÂóäÖäèÉèòÕäúÜĀÛÛĂìâ¬ØöćÂČóæòÈăÕ­äòÛÅèóâÚõãâÿÜĆÚîã¬óÈâóÂÌ÷ćÈ

ëóâóä×ÚČóăÜĂË­ĂÚÂóäèõÿÅäóñì°ØóÈÕ­óÚèõØãóéóëÖä°ëùÃáóßìäøîØóÈÕ­óÚÂóäĀßØã°ÜäñÂîÛÂòÛ
ÂóäèõÚõÉÊòãāäÅĂÚÖòèîã¬óÈÿÌäòćâ ÿæøîÕ ÜòëëóèñÿÜĆÚÖ­Ú äèâ×÷ÈÂóäÅäÛÅùâÅùÔáóßîóìóäÂóä
ÖäèÉèòÕØóÈÕ­óÚëõćÈĀèÕæ­îâÿË¬Ú ÂóäÜÚÿÜæøĈîÚÃîÈāæìñØöćâöîãú¬ĂÚÚČĈóÕøćâ Ì÷ćÈîùÜÂäÔ°ØöćâöÃ­îÕöìæóã
Åøî ÿÜĆÚîùÜÂäÔ°Øöćëóâóä×ßÂßóăÕ­È¬óã äóÅó×úÂ èòëÕùØöćĂË­ØöćÂóäëä­óÈâöäóÅóØöćÖČćóĀæñëóâóä×ÌøĈîăÕ­
È¬óÚÖóâä­óÚÅ­óØòćèăÜ ëóâóä×ĂË­Āæ­èØõĈÈăÕ­ØòÚØöìæòÈÉóÂÂóäÖäèÉèòÕāÕãăâ¬Ö­îÈÝ¬óÚÂäñÛèÚ
ØČóæóãØöćÖ­îÈë¬ÈăÜĂÚāäÈÈóÚØČóæóãÃãñØóÈËöèñáóß 

https://pubs.rsc.org/en/content/articlehtml/2019/ra/c8ra07656a
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îùÜÂäÔ°ÜäñÿáØÚöĈÃ÷ĈÚîãú¬ÂòÛÂóäâöîãú¬ÃîÈßøĈÚØöćëîÈë¬èÚØöćĀÖÂÖ¬óÈÂòÚ ÅøîßøĈÚØöćØöćËîÛÚČĈó 
(Hydrophilic) ØöćÉòÕÿÖäöãâāÕãÂäñÕóêÌ÷ćÈÿÂõÕÜÐõÂõäõãó (Colorimetric) ĀæñßøĈÚØöćØöćăâ¬ËîÛÚČĈó 
(Hydrophobic) ØöćÂČóìÚÕÿÃÖÜÐõÂõäõãóÚöĈ  ĀÚèØóÈÂóäîîÂĀÛÛØöćßÛÛ¬îãØöćëùÕÅøîÂóäßõâß°ÃöĈÝ÷ĈÈ
ÿÚøćîÈÉóÂÿÜĆÚèõÙöØöćÈ¬óãĀæñÅ¬îÚÃ­óÈäèÕÿäĆèÌ÷ćÈÿÃ­óÂòÚăÕ­ÂòÛĀîÜßæõÿÅËòÚ µPAD ë¬èÚĂìÎ¬ îã¬óÈăäÂĆ
ÖóâèõÙöÂóäßõâß°ÜäñÿáØÚöĈÖ­îÈĂË­ÃöĈÝ÷ĈÈØöćâöäóÅóĀßÈĀæñÖ­îÈÿßõćâÃòĈÚÖîÚĂÚÂóäĂì­Åèóâä­îÚ Åèóâ
Ú¬óëÚĂÉÃîÈÂóäĂË­ÂäñÕóêÿÜĆÚÿÅäøćîÈâøîĂÚÂóäØČóÜÐõÂõäõãóÚòĈÚăâ¬ÿßöãÈ ĀÖ¬âöÖ­ÚØùÚÖČćóĀæñÅèóâ
ßä­îâĂË­ÈóÚëúÈÃîÈÂäñÕóêÿØ¬óÚòĈÚ ĀÖ¬ãòÈâöÚČĈóìÚòÂÿÛóâöĂì­ÿæøîÂìæóãÅèóâìÚóĀæñÅèóâßäùÚÈ¬óã
Ö¬îÂóäÉòÕÿÂĆÛĀæñÃÚë¬ÈĀæñÅèóâÚõãâÃîÈ µPADs ÿÂõÕÉóÂÃ­îÕöØöćìæóÂìæóãÚòĈÚÅøî ßÂßóëñÕèÂ 
äóÅóăâ¬ĀßÈ âöÅèóâäèÕÿäĆè ĂË­Āæ­èØõĈÈĀæñìæòÈÉóÂÜäñÂîÛÿëäĆÉĀæ­èăâ¬Ö­îÈĂË­îùÜÂäÔ°ØöćÌòÛÌ­îÚ
ìäøîÛùÅæóÂäÿÊßóñØóÈĂÚÂóäèòÕÌ÷ćÈØČóĂì­ÿÜĆÚÿÅäøćîÈâøîØöćÚ¬óëÚĂÉØöćÉñĂË­ĂÚÂóäèõÿÅäóñì°ĂÚ
ë×óÚØöćĂÚë×óÚØöćØöćÿÃ­ó×÷ÈãóÂìäøî âöØäòßãóÂäÚ­îãâóÂ  

 

 
áóßØöć 4 Âóäëä­óÈîùÜÂäÔ°ÖäèÉèòÕĀÛÛÂäñÕóê 

Øöćâó: An environmentally friendly microfluidic paper-based analytical device for 
simultaneous colorimetric detection of nitrite and nitrate in food products.2020;Available form: 
https://doi.org/10.1016/j.microc.2020.105412  

 
 
 

https://doi.org/10.1016/j.microc.2020.105412
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5.1 îùÜÂäÔ°ÂóäÖäèÉÂäñÕóêßÂßóāÕãîóéòãÂóäèòÕäñãñØóÈ 
îùÜÂäÔ°ÂóäÖäèÉÂäñÕóêßÂßóāÕãîóéòãÂóäèòÕäñãñØóÈÿÜĆÚîùÜÂäÔ°Øöć×úÂßòÓÚóÃ÷ĈÚāÕã

ăâ¬Ö­îÈîóéòãÿÅäøćîÈĀëÂÚĂÚÂóä×¬óãáóß îùÜÂäÔ°îõÿæĆÂāØÚõÂë°ĂÚÂóäÛòÚØ÷Âáóß ìäøîÃòĈÚÖîÚÂóä
ÜäñâèæÝæäúÜáóßÿßøćîìóÅèóâÿÃ­âëöĂÚÂóäÅČóÚèÔìóÅ¬óÅèóâÿÃ­âÃ­ÚÃîÈÜäõâóÔëóä ĀÖ¬ÿÜĆÚÂóä
èòÕäñãñØóÈÃîÈëöØöćÿÂõÕÜÐõÂõäõãóÃ÷ĈÚÖóâÅèóâÿÃ­âÃ­ÚÃîÈëóäØöćÖ­îÈÂóäèõÿÅäóñì° îùÜÂäÔ°ÚöĈÉ÷È×úÂ
ÿäöãÂè¬ó îùÜÂäÔ°ÂóäÖäèÉèòÕÂäñÕóêĀÛÛÂóäèòÕäñãñØóÈ (Cate et al., 2013) îùÜÂäÔ°ÚöĈëóâóä×
ëä­óÈÉóÂóäâöÖ­ÚĀÛÛÿÜĆÚîùÜÂäÔ°ÖäèÉèòÕĀÛÛÂäñÕóêØòćèăÜăÕ­ Âóäßõâß°ÃöĈÝ÷ĈÈìäøîăÃæÈÛÚë¬èÚØöć
ăâ¬ËîÛÚČĈóÿßøćîëä­óÈÿÜĆÚË¬îÈØóÈÂóäăìæÃîÈëóäæñæóã ÉóÂÚòĈÚØČóÂóäìãÕäöÿîÿÉÚØ°Øöćëóâóä×ØČó
ÜÐõÂõäõãóÂòÛÖòèîã¬óÈØöćÉñèõÿÅäóñì°æÈÛÚË¬îÈØóÈÂóäăìæ ÉóÂÚòĈÚìãÕëóäÖòèîã¬óÈæÈÛÚË¬îÈëČóìäòÛ
Öòèîã¬óÈ (Sample zone) ĀæñëóäÖòèîã¬óÈÉñÿÅæøćîÚØöćăìæăÜØČóÜÐõÂõäõãóÂòÛäöÿîÿÉÚØ°Ë¬îÈØóÈÂóä
ăìæ ĀæñăìæăÜÿäøćîãąÉÚÂè¬óÜÐõÂõäõãóÉñëõĈÚëùÕ ØČóĂì­ÿÂõÕäñãñØóÈëöÃîÈÜÐõÂõäõãóØöćÿÂõÕÃ÷ĈÚÌ÷ćÈÉñ
ĀÜäÝòÚÖóâÜäõâóÔÃîÈëóäÖòèîã¬óÈØöćèõÿÅäóñì°ØČóĂì­È¬óãÖ¬îÂóäÖäèÉèòÕ   

 
 
 
 

 
 
 
 
 
 

áóßØöć 5 ÂóäîîÂĀÛÛîùÜÂäÔ°ÂóäÖäèÉÂäñÕóêßÂßóāÕãîóéòãÂóäèòÕäñãñØóÈ 
Øöćâó: Simple, distance-based measurement for paper analytical devices.2013. Available form; 
Simple, distance-based measurement for paper analytical devices - Lab on a Chip (RSC Publishing) 
 
 
 
 
 

https://pubs.rsc.org/en/content/articlelanding/2013/lc/c3lc50072a/unauth
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5.2 îùÜÂäÔ°ÂóäÖäèÉÂäñÕóêßÂßóāÕãîóéòãÂóäèòÕÕ­èãèõÙöØóÈÿÅâöăàà­ó 
ØéèääêØöćÝ¬óÚâóâöÂóäßòÓÚó Electrochemical paper-based analytical devices (ePADs) 

ePAD (Ataide et al., 2020) ÉñĀëÕÈÃöÕÉČóÂòÕĂÚÂóäÖäèÉèòÕĀæñÅèóâÉČóÿßóñÿÉóñÉÈ Ì÷ćÈìæöÂÿæöćãÈ
îÅÖõÃîÈÂóäëòÈÿÂÖÕ­èãÖóâÚùêã°āÕãăâ¬ÿßõćâÖ­ÚØùÚîùÜÂäÔ° ĀæñäòÂêóÅèóâëóâóä×ĂÚÂóäã¬îÃÚóÕ
ĀæñÂóäĂË­ÈóÚáóÅëÚóâ ĂÚË¬èÈÿèæóÚöĈ âöÂóäĂË­èõÙöÂóäØöćËóÎÊæóÕÖ¬óÈą ÿßøćîëä­óÈ ePAD ëČóìäòÛ
ÜòÎìóÕ­óÚÂóäèõÿÅäóñì°âóÂâóã ÿË¬Ú ĂÚÂóäĂË­ÈóÚØóÈÅæõÚõÂĀæñØóÈÚõÖõÿèË ÕòÈÚòĈÚÿäóÉ÷È
ÖäèÉëîÛÃòĈÚÖîÚÂóäÝæõÖÃîÈ ePAD ÿìæ¬óÚöĈ ÖòĈÈĀÖ¬äóãÈóÚÿÛøĈîÈÖ­ÚăÜÉÚ×÷ÈÃòĈÚÖîÚØöćĂË­ĂÚÂóä
ÂČóìÚÕäúÜĀÛÛÃîÛÿÃÖØóÈÂóãáóß/ÿÅâö (Physics/Chemical, non-conductive patterns) Āæñäîã
ØóÈëøćîÂäñĀëăàà­ó (electrodes) ÛÚßøĈÚÝõèÂäñÕóêāÕãÂóäèòÕÅ¬óÂóäÿÜæöćãÚĀÜæÈØóÈăàà­óāÕã
îóéòãÿØÅÚõÅØóÈ Electrochemical 

 

 
áóßØöć 6 îùÜÂäÔ°ÂóäÖäèÉÂäñÕóêßÂßóāÕãîóéòãÂóäèòÕÕ­èãèõÙöØóÈÿÅâöăàà­ó 

Øöćâó: Preparation of paper-based devices for reagentless electrochemical (bio)sensor strips . 
Available form; https://www.nature.com/articles/s41596-019-0186-y  
 

 

https://www.nature.com/articles/s41596-019-0186-y
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5.3 îùÜÂäÔ°ÂóäÖäèÉÂäñÕóêßÂßóāÕãîóéòãÂóäèòÕëö 
îùÜÂäÔ°èõÿÅäóñì°ĀÛÛĂË­ÂäñÕóê (PAD) ØöćĂË­ÂóäÖäèÉÉòÛëö (Thongkam et al., 2020) Āæñ

áóßÛÚëâóä°ØāàÚăÕ­äòÛÂóäãîâäòÛîã¬óÈÂè­óÈÃèóÈĂÚĀîÜßæõÿÅËòÚÂóäèòÕØöćìæóÂìæóã PADs âö
Ã÷ĈÚÿßøćîĂË­ĂÚÂóäÖòĈÈÅ¬óáóÅëÚóâÿÜĆÚìæòÂ āÕãØöćëáóßÂóäØÕëîÛĀæñÂóäëä­óÈáóßÉñĀÖÂÖ¬óÈÂòÚ
îã¬óÈâóÂ ë¬ÈÝæĂì­ăÕ­ÝææòßÙ°ØöćĀâ¬ÚãČóÚ­îãæÈ ëČóìäòÛÅèóâëóâóä×ĂÚÂóäØČóÚóãÅèóâÿÃ­âÃ­ÚÃîÈ
ÂóäèõÿÅäóñì°ăÕ­îã¬óÈĀâ¬ÚãČó ÂóäÝëâÝëóÚĀÛÛÉČóæîÈĀæñëÿÜÌëöØöćÿìâóñëâÉñÿÜĆÚÜäñāãËÚ°ĂÚ
ÂóäèõÿÅäóñì°Öòèîã¬óÈÉČóÚèÚâóÂÛÚ PAD ĂÚÑóÚñÿÅäøćîÈâøîØÕëîÛáóÅëÚóâîã¬óÈäèÕÿäĆèäóÅó
ÜäñìãòÕØöćâöÜäñëõØÙõáóß 
 

 
 

áóßØöć 7 îùÜÂäÔ°ÂóäÖäèÉÂäñÕóêßÂßóāÕãîóéòãÂóäèòÕëö 
Øöćâó: A simple paper-based analytical device using UV resin screen-printing for the determination 
of ammonium in soil. Available form; 
https://pubs.rsc.org/en/content/articlelanding/2020/ay/d0ay01180k/unauth 
 

https://pubs.rsc.org/en/content/articlelanding/2020/ay/d0ay01180k/unauth
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6. ÿØÅÚõÅ Ion chromatography 
Ion Chromatography (IC) ÿÜĆÚÿÅäøćîÈâøîØöćĂË­ĀãÂĀæñÂóäèõÿÅäóñì°ÿËõÈÜäõâóÔÃîÈăîîîÚ

æÛ (Anion) îóØõ F- , Cl- , Br- , NO32- Āæñ SO42-  ĀæñăîîîÚÛèÂ (Cation) îóØõ 
Ca2+, Mg 2+,  Na+  ĂÚëóäæñæóãăîîîÚõÂāÕãĂË­èõÙöĀæÂÿÜæöćãÚăîîîÚÃîÈ liquid chromatography 
(LC) ÂäñÛèÚÂóäāÅäâóāÖÂäóàöĀãÂăîîîÚÖ¬óÈą áóãĂÚÖòèîã¬óÈ ÿØÅÚõÅÃîÈÂóäØČóÈóÚÃîÈ
ÿÅäøćîÈ IC îóéòãÂóäĀæÂÿÜæöćãÚăîîîÚ (Ion exchange)  āÕãëóäæñæóãÖòèîã¬óÈÉñ×úÂÊöÕÿÃ­óÿÅäøćîÈ
Āæñ×úÂë¬ÈÝ¬óÚāÕãëóäæñæóãăîîîÚõÂìäøîÖòèËñëóäæñæóã (mobile phase) ĀæñëâÛòÖõÃîÈëóäØöć
îãú¬áóãĂÚÅîæòâÚ° (Stationary phase) ëóâóä×ÉòÛÂòÛăîîîÚÃîÈëóäØöćâöÜäñÉùÖäÈÂòÚÃ­óâÕ­èãîóéòã
ÂóäØČóÜÐõÂõäõãóã÷ÕÿìÚöćãèäñìè¬óÈÜäñÉùØöćĀÖÂÖ¬óÈÂòÚ (Ionic interaction) ëóäØöćăâ¬âöÜäñÉùìäøîâö
ÜäñÉùÿìâøîÚÂòÛëóäØöćÿÜĆÚÖòèĀæÂÿÜæöćãÚÜäñÉùØöćîãú¬áóãĂÚÅîæòâÚ° (Ion-exchanger) ÉñÿÅæøćîÚØöć
îîÂâóÂ¬îÚ  ë¬èÚëóäØöć×úÂã÷ÕÿìÚöćãèîãú¬áóãĂÚÅîæòâÚ° Éñ×úÂËñîîÂâóÿâøćîâöÂóäÿÜæöćãÚëáóèñÃîÈ
Å¬ó pH ìäøî ×úÂĀØÚØöćÕ­èãăîîîÚØöćâöÅèóâĀäÈâóÂÂè¬ó (Ionic strength) ÂóäèõÿÅäóñì°ìóÜäõâóÔ
ÃîÈăîîîÚØòĈÈÜäñÉùÛèÂ ìäøî ÜäñÉùæÛ āÕãĂË­  ÿÅäøćîÈ IC  ÚòĈÚ Ö­îÈßõÉóäÔó×÷ÈÂóäÿæøîÂëóäØöćËñ
æñæóã (Eluent) ÜäñÿáØÃîÈÅîæòâÚ° (Column) îùÜÂäÔ°ëČóìäòÛĀãÂËÚõÕÜäñÉù (Suppressor) Āæñ 
îùÜÂäÔ°ÖäèÉèòÕëòÎÎóÔ (Detector) Ăì­ÿìâóñëâ ÕòÈÚòĈÚ (Morsi, 2013) ăîîîÚÃîÈëóäÿÅâöÛóÈ
ËÚõÕĂÚëóäæñæóãÉñîîÂÉóÂÅîæòâÚ°ìäøîËñîîÂÉóÂÅîæòâÚ°áóãĂÚË¬èÈäñãñÿèæóĀÅÛą Øöć
ÿÊßóñÿÉóñÉÈëČóìäòÛăîîîÚÚòĈÚ ÿÅäøćîÈÖäèÉÉòÛØöćë¬èÚØ­óãÃîÈÅîæòâÚ°ÉñèòÕÅ¬óÂóäÚČóăàà­óÃîÈÖòè
Ëñîã¬óÈÖ¬îÿÚøćîÈÿßøćîÂČóìÚÕÜäõâóÔÃîÈăîîîÚØöćËñÖóâàòÈÂ°ËòÚÃîÈÿèæó Ã­îâúæÉóÂÿÅäøćîÈÖäèÉÉòÛ
×úÂäèÛäèâÿÜĆÚßæĆîÖÃîÈÜäõâóÔăîîîÚÿØöãÛÂòÛÿèæó Ì÷ćÈÿäöãÂè¬óāÅäâóāÖĀÂäâ ÖČóĀìÚ¬ÈÃîÈßöÅ
ĂÚāÅäâóāÖĀÂäâÿÜĆÚæòÂêÔñÃîÈăîîîÚÉČóÿßóñ ÃÚóÕßöÅÿÜĆÚàòÈÂ°ËòÚÃîÈÅèóâÿÃ­âÃ­ÚÃîÈ
ăîîîÚØöćĀëÕÈāÕãßöÅÚòĈÚìæòÂÿÂÔÒ°ßøĈÚÑóÚÃîÈ IC ÿÜĆÚÿØÅÚõÅØóÈÿÅâöèõÿÅäóñì°ØöćâöÅèóâÂ­óèìÚ­ó
ĂÚÂóäèõÿÅäóñì° ăîîîÚĀæñÿÜĆÚÿØÅÚõÅØöćâöÂóäÚČóăÜÜäñãùÂÖ°ĂË­âóÂØöćëùÕèõÙöìÚ÷ćÈëČóìäòÛÂóäĀãÂ 
(separation) ĀæñÂóäìóÜäõâóÔ   ÃîÈăîîîÚØöć×úÂæñæóãÿÜĆÚÿØÅÚõÅØöćâöÅèóâëóâóä×ØöćÕöĂÚÂóäĀÂ
ÜòÎìóÂóäìóÜäõâóÔÃîÈëóäĂÚ ëóäæñæóãāÕãßõÉóäÔóÉóÂÜòÉÉòãÖ¬îăÜÚöĈ    
1. Ö­îÈÂóä sensitivity ëúÈ                                                                                                                                                         
2. Ö­îÈÂóäìóÜäõâóÔÃîÈăîîîÚìæóãąîã¬óÈĂÚëóäæñæóãËÚõÕÿÕöãèÂòÚ                                                                                  
3. ëóäæñæóãÖòèîã¬óÈâöÖòèĀØäÂëîÕÉóÂÿØÅÚõÅØöćĂË­èõÿÅäóñì°                                                                                                               
4. ÿÜĆÚÿØÅÚõÅØöćâöÅèóâÉČóÿßóñ (specificity) ĂÚÂóäèõÿÅäóñì°                                                                                                                                
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  ÿØÅÚõÅÚöĈÉòÕîãú¬ĂÚÜäñÿáØ liquid-solid chromatography ÚòĈÚÅøîâöÅîæòâÚ°ÿÜĆÚèòëÕùÃîÈĀÃĆÈ
ëČóìäòÛ ĀãÂÿÜĆÚÿàëîãú¬ÂòÛØöćØöć (stationary phase) ĀæñÃîÈÿìæèÿÅæøćîÚØöćëČóìäòÛËñëóä (eluent) Øöć
îãú¬ ĂÚÅîæòâÚ°ÿÜĆÚ  ÿàëÿÅæøćîÚØöć (mobile phase) ÿâøćîëóäÖòèîã¬óÈ×úÂÊöÕÿÃ­óäñÛÛÉñ×úÂßóăÜãòÈ
ÅîæòâÚ° āÕã eluent ĀæñÿÂõÕÂóä    ĀãÂØöćÅîæòâÚ°ìæòÈÉóÂÚòĈÚÿÃ­óëú¬ÖòèÖäèÉèòÕëòÎÎóÔ (detector) 
ĀæñĂì­ëòÎÎóÔîîÂâóÉóÂÂäñÛèÚÂóäĀãÂÿÜĆÚ chromatogram ÃîÈëóäÖòèîã¬óÈ āÕãĀëÕÈĀÝÚÝòÈ 
ë¬èÚÜäñÂîÛîã¬óÈÈ¬óãÃîÈ IC      
 

 
áóßØöć 8 ÿØÅÚõÅ Ion chromatography 

Øöćâó: Thermo Scientific Dionex eluent suppressors for ion chromatography . Available form; 
https://tools.thermofisher.com/content/sfs/brochures/PS-70690-IC-Eluent-Suppressors-PS70690-EN.pdf  
  
 
 
 
 

https://tools.thermofisher.com/content/sfs/brochures/PS-70690-IC-Eluent-Suppressors-PS70690-EN.pdf
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Ɯ.Ɨ ë¬èÚÜäñÂîÛÃîÈÿÅäøćîÈ Ion Chromatography (IC)  
6.1.1 Üòĉâ (Pump) 
Üòĉâ IC ×øîÿÜĆÚìÚ÷ćÈĂÚë¬èÚÜäñÂîÛØöćëČóÅòÎØöćëùÕĂÚäñÛÛ Ì÷ćÈÉñÖ­îÈĂì­ÂóäăìæÅÈØöćîã¬óÈ 

Ö¬îÿÚøćîÈÃîÈÖòèËñÝ¬óÚìòèÊöÕ ÅîæòâÚ° ĀæñÖòèÖäèÉÉòÛÃîÈ IC äñÛÛØöćĂË­ÈóÚăÕ­ÉäõÈØöćëùÕëČóìäòÛ 
Âóäë¬ÈâîÛÿàëÿÅæøćîÚØöćÅøîäñÛÛØöćëóâóä×äèâÃîÈÿìæèìæóãËÚõÕĂÚëòÕë¬èÚØöćĀÖÂÖ¬óÈÂòÚÖóâ 
ÅČóëòćÈÃîÈÝú­ÜÐõÛòÖõÈóÚ Åèóâëóâóä×ĂÚÂóäÝëâÚöĈË¬èãÿä¬ÈÂäñÛèÚÂóäÿæøîÂë¬èÚÝëâÖòèËñØöć 
ÿìâóñëâØöćëùÕØöćÉČóÿÜĆÚëČóìäòÛÂóäèõÿÅäóñì°ăîāÌÿÅäÖõÂ âöËùÕÃîÈî¬óÈÿÂĆÛëóäæñæóãÿàëÿÅæøćîÚØöćØöć
ëóâóä×âöË¬èÈÃîÈÿàëÿÅæøćîÚØöćÖ¬óÈą Øöćëóâóä×ÚČóâóĂË­ÿÜĆÚäóãÛùÅÅæ ĀÛÛÝëâ ìäøîÿßøćî
èòÖ×ùÜäñëÈÅ°ĂÚÂóäÿÃöãÚāÜäĀÂäâÿàëÿÅæøćîÚØöć "Gradient elution" āÕãØòćèăÜāÅäâóāÖÂäóàöÿìæè
ØòćèăÜ Āìæ¬ÈÂòÂÿÂĆÛëóâóä×ÿÜĆÚ stainless steel ĀÖ¬ĂÚāÅäâóāÖÂäóàöĀÛÛăîîîÚ Ì÷ćÈÿàëÿÅæøćîÚØöć
ëóâóä×âöÅ¬ó pH ØöćäùÚĀäÈ Āìæ¬ÈÂòÂÿÂĆÛÖ­îÈØČóÉóÂĀÂ­èìäøîîã¬óÈß÷ÈÜäñëÈÅ°ÿÜĆÚßæóëÖõÂØöć 
ÿìâóñëâ ÿË¬Ú PEEK (polyether-ether-ketone)   

6.1.2 ìòèÊöÕëóä (Injectors) 
ĂÚāÅäâóāÖÂäóàöÃîÈÿìæè Öòèîã¬óÈÃîÈÿìæèîóÉ×úÂÊöÕāÕãÖäÈĀæñÖòèîã¬óÈØöćÿÜĆÚ

ÃîÈĀÃĆÈÉČóÿÜĆÚÖ­îÈæñæóãĂÚÖòèØČóæñæóãØöćÿìâóñëâÿØ¬óÚòĈÚ ÖòèØČóæñæóãăâ¬ÉČóÿÜĆÚÖ­îÈÿÜĆÚÿàë
ÿÅæøćîÚØöć ĀÖ¬Û¬îãÅäòĈÈÉñÿæøîÂîã¬óÈäñâòÕäñèòÈÿßøćîìæöÂÿæöćãÈÂóääÛÂèÚÃîÈÿÅäøćîÈÖäèÉÉòÛ Âóä
äÛÂèÚÃîÈÅîæòâÚ°/ë¬èÚÜäñÂîÛ ìäøîÂóäëúÎÿëöãÜäñëõØÙõáóß ÿÜĆÚÂóäÕöØöćëùÕØöćÉñÂČóÉòÕîÚùáóÅ
îîÂÉóÂÖòèîã¬óÈāÕãÂóäÂäîÈìäøîìâùÚÿìèöćãÈ ÿÚøćîÈÉóÂÂóäÊöÕèòëÕùØöćÿÜĆÚîÚùáóÅîã¬óÈÖ¬îÿÚøćîÈÉñ
ØČóĂì­îùÜÂäÔ°ìäøîÅîæòâÚ°ÃîÈÂóäÊöÕîùÕÖòÚĂÚØöćëùÕ ìòèÊöÕÅèäĂì­ÅèóâÿÜĆÚăÜăÕ­ĂÚÂóäÊöÕ
Öòèîã¬óÈÃîÈÿìæèáóãĂÚË¬èÈÜäõâóÖä 0.1 ×÷È 100 ml āÕãâöÅèóâëóâóä×ĂÚÂóäØČóÌČĈóëúÈĀæñîãú¬
áóãĂÖ­ĀäÈÕòÚëúÈ Åèäëä­óÈÂóäÃãóãĀ×ÛÂè­óÈÃòĈÚÖČćó 

6.1.3 ÅîæòâÚ° (Columns) 
ìæòÂÂóäÃîÈāÅäâóāÖÂäóàöĀÛÛĀæÂÿÜæöćãÚăîîîÚÅøî āâÿæÂùæØöćâöÜäñÉùÉòÛÂòÚăàà­óë×õÖ

ÂòÛìâú¬ØöćâöÜäñÉùÖäÈÃ­óâÌ÷ćÈ×úÂÉòÛîã¬óÈāÅèóÿæÚÖ°ÛÚÿâØäõÂÌ° āÅäâóāÖÂäóàöĀÛÛĀæÂÿÜæöćãÚ
ăîîîÚÿÜĆÚËÚõÕÃîÈāÅäâóāÖÂäóàöĀÛÛÕúÕÌòÛ ÕòÈÚòĈÚāâÿæÂùæØöćâöÜäñÉùÉñÕúÕÌòÛăÜãòÈÖòè
ĀæÂÿÜæöćãÚăîîîÚĀÛÛã­îÚÂæòÛăÕ­ ÕòÈÚòĈÚāâÿæÂùæëóâóä××úÂÝúÂăè­ìäøî×úÂËñîîÂāÕãÂóäÿÜæöćãÚ
ëáóßĀèÕæ­îâØöćÿÜĆÚăîîîÚ ÖòèĀæÂÿÜæöćãÚăîîîÚëóâóä×ĂË­ĂÚāÅäâóāÖÂäóàöĀÛÛÅîæòâÚ°ÿßøćî
ĀãÂāâÿæÂùæÖóâÜäñÉù  

ÂóäĀãÂëóäÛÚÖòèĀæÂÿÜæöćãÚăîîîÚâòÂÉñØČóăÕ­ĂÚëîÈÃòĈÚÖîÚ ÃòĈÚĀäÂëóäØöćÉñĀãÂîîÂ
Éñ×úÂÉòÛÂòÛÖòèĀæÂÿÜæöćãÚāÕãĂË­ëáóèñØöćĂì­Âóäã÷ÕÿÂóñØöćâòćÚÅÈĀæñĀÚ¬ÚìÚó ÉóÂÚòĈÚÅîæòâÚ°Éñ
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×úÂËñÕ­èãÛòàÿàîä°ØöćâöÅ¬ó pH ÅèóâĀäÈÃîÈăîîîÚõÂìäøîîÈÅ°ÜäñÂîÛÖ¬óÈÂòÚ Āæñë¬èÚÜäñÂîÛ
ÃîÈÛòàÿàîä°ÉñĀÃ¬ÈÃòÚÂòÛèòëÕùØöćã÷Õăè­ëČóìäòÛÖČóĀìÚ¬ÈÂóäÉòÛ ÂóäÿæøîÂè¬óÿÅäøćîÈĀæÂÿÜæöćãÚăîîîÚ
ÉñÿÜĆÚÜäñÉùæÛìäøîÜäñÉùÛèÂÃ÷ĈÚîãú¬ÂòÛèòëÕùØöćÉñĀãÂîîÂ ìóÂèòëÕùØöćÉñÝúÂÖõÕÂòÛÿëóâöÜäñÉùÿßöãÈ
ÅäòĈÈÿÕöãè  

6.1.4 îùÜÂäÔ°Ë¬èãÃãóãëòÎÎóÔÂóäÖäèÉèòÕëóäÖòèîã¬óÈĀæñëòÎÎóÔäÛÂèÚ 
(Suppressor)    

ÖòèÖ­óÚÉñæÕÅ¬óÂóäÚČóăàà­óĂÚßøĈÚìæòÈÃîÈëóäÿÅâöØöćĂË­ĂÚÂóäËñÖòèîã¬óÈÉóÂÅîæòâÚ°
ĀæÂÿÜæöćãÚăîîîÚ Ì÷ćÈË¬èãÜäòÛÜäùÈÂóäèòÕÅ¬óÂóäÚČóăàà­óÃîÈăîîîÚØöćÂČóæòÈØÕëîÛ Suppressor  
ÿÜĆÚîùÜÂäÔ°ØöćĂË­ÿââÿÛäÚÌ÷ćÈîîÂĀÛÛâóÿßøćîÿÜæöćãÚÖòèËñăîîîÚõÂĂì­ÿÜĆÚÚČĈóÿßøćîÿßõćâÅèóâăè 
ëóâóä×ĂË­ÂòÛÿÅäøćîÈÖäèÉÉòÛëóÂæÿßøćîØČóìÚ­óØöćÿÜĆÚîùÜÂäÔ°ĀãÂÿÂæøîîîÂÉóÂÂòÚ Ì÷ćÈÉñË¬èãÃÉòÕ
ëòÎÎóÔäÛÂèÚØöćÿÂõÕÉóÂÿÂæøîăîîîÚõÂĂÚÖòèËñ āÕãÜÂÖõĀæ­è Suppressors ÉñĂË­ÂòÛÖòèËñØöćÿÜĆÚ
ÚČĈóæ­èÚą ÕòÈÚòĈÚÉ÷ÈÉČóÿÜĆÚÖ­îÈÂČóìÚÕè¬óÖòèÖ­óÚÿìæ¬óÚöĈëóâóä×ĂË­ÂòÛÖòèËñØöćâöÚČĈóÿÜĆÚîÈÅ°ÜäñÂîÛ
îõÚØäöã° (Aqueous/Organic eluents) ØöćÉČóÿÜĆÚĂÚÂóäËñëóäèõÿÅäóñì°ØöćÿÜĆÚîõÚØäöã°Ì÷ćÈ×úÂÅÈăè­ÛÚ
ÿàëØöćîãú¬ÂòÛØöćäñìè¬óÈÂóäØČóÈóÚä¬èâÂòÚÃîÈßèÂâòÚìäøîăâ¬ ëóäËñØöćĂË­Âóäăæ¬äñÕòÛăîîîÚõÂĀæñ
ØöćâöÖòèØČóæñæóãîõÚØäöã°ëóâóä×äñÈòÛăÕ­îã¬óÈÚ¬óßîĂÉāÕãĂË­ micromembrane suppressor ìäøî 
electrolytic suppression Ì÷ćÈĂË­ self-regenerating suppressor  

6.1.5 ÿÅäøćîÈÖäèÉèòÕ (Detectors) 
ÿÅäøćîÈÖäèÉèòÕÜòÉÉùÛòÚâöË¬èÈăÕÚóâõÂÂè­óÈāÕãÜÂÖõË¬èãĂì­ØòĈÈÿÅäøćîÈËòćÈèõÿÅäóñì°ĀæñÿÅäøćîÈ

ËòćÈÿÖäöãâÂóäØČóÈóÚĂÚÿÅäøćîÈâøîÿÕöãèÂòÚ ÿÅäøćîÈÖäèÉèòÕĂÚîùÕâÅÖõÅèäâöÅùÔëâÛòÖõÕòÈÖ¬îăÜÚöĈ Åèóâ
ÿÛöćãÈÿÛÚÖČćóĀæñäñÕòÛÿëöãÈäÛÂèÚāÕãÿÊßóñîã¬óÈãõćÈëČóÅòÎîã¬óÈãõćÈĂÚÂóäèõÿÅäóñì°ä¬îÈäîã Åèóâ
ăèëúÈ ÂóäÖîÛëÚîÈØöćäèÕÿäĆè Ë¬èÈăÕÚóâõÂÿËõÈÿë­ÚÂè­óÈ ÜäõâóÖäØöćÖČćó (minimal peak broadening) 
ÂóäîîÂĀÛÛÿÌææ°ØöćÂČóÉòÕÂóäÝëâÌČĈóÃîÈÂóäĀãÂ Ā×ÛÅèóâ×öć ăâ¬ăèÖ¬îÂóäÿÜæöćãÚĀÜæÈÜäñÿáØ
ÃîÈÖòèØČóæñæóã îòÖäóÂóäăìæĀæñîùÔìáúâõ ÅèóâÿäöãÛÈ¬óãĂÚÂóäØČóÈóÚĀæñÅèóâÚ¬óÿËøćî×øî âòÚ
ÅèäÉñăâ¬ØČóæóã 

6.1.Ɯ äñÛÛÃ­îâúæ (Data systems) 
ÿÜ­óìâóãìæòÂĂÚÂóäĂË­äñÛÛÃ­îâúæîõÿæĆÂØäîÚõÂë°ÅøîÂóäÿßõćâÅèóâĀâ¬ÚãČóĀæñÅèóâ

Āâ¬ÚãČóĂÚÂóäèõÿÅäóñì° ĂÚÃÔñÿÕöãèÂòÚÂĆæÕÅèóâëÚĂÉÃîÈÝú­ÜÐõÛòÖõÈóÚ ĂÚÂóäèõÿÅäóñì°ÖóâÜÂÖõ 
Ì÷ćÈăâ¬ÉČóÿÜĆÚÖ­îÈĂË­äñÛÛîòÖāÚâòÖõ Ýú­äèâäñÛÛÂóäÅČóÚèÔØöćÖòĈÈāÜäĀÂäâăè­æ¬èÈìÚ­óîóÉÿßöãÈßî 
ëČóìäòÛäñÕòÛÂóäÅèÛÅùâØöćëúÈÃ÷ĈÚ ÉČóÿÜĆÚÖ­îÈâöîùÜÂäÔ°ØöćËóÎÊæóÕâóÂÃ÷ĈÚ ÿË¬Ú ë×óÚöÃ­îâúæìäøî
âõÚõÅîâßõèÿÖîä° 
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7. èääÔÂääâØöćÿÂöćãèÃ­îÈ       
 ÜèöÔó ÿÕøîÚÊóã (ÜèöÔó ÿÕøîÚÊóã,2557) Ýú­èõÉòãØČóÂóäëä­óÈîùÜÂäÔ°ÂóäèõÿÅäóñì°ÛÚ
ÂäñÕóêāÕãÿÖäöãâăÕ­ìæóÂìæóãÿØÅÚõÅÿË¬Ú Âóäßõâß°Õ­èãÃöĈÝ÷ĈÈÿÜĆÚÖ­Ú Āæñëä­óÈË¬îÈăìæÉùæáóÅ 
ÛÚÂäñÕóê ÜäñÂîÛÕ­èãëîÈë¬èÚÅøî ë¬èÚØöćăâ¬ËîÛÚ­ó Āæñë¬èÚØöćËîÛÚČĈóÌ÷ćÈÂĆÅøîÂäñÕóê Āæñ
ÂóäèõÿÅäóñì°ÝæØČóăÕ­ìæóÂìæóãèõÙöÿË¬Ú ÂóäÖäèÉāÕãÂóäÿØöãÛëöÂóäÖäèÉìóÕ­èãèõÙöØóÈÿÅâöăàà­ó
ÿÜĆÚÖ­Ú îùÜÂäÔ°ÂóäèõÿÅäóñì°Õ­èãÂäñÕóêÚòĈÚâöÃ­îÕöÅøîÝæõÖÈ¬óã Ö­ÚØùÚĂÚÂóäÝæõÖÖČćó ßÂßóëñÕèÂ
ĀÖ¬ÂĆãòÈâöÃ­îÉČóÂòÕĂÚÿäøćîÈÃîÈÂóäëúÎÿëöãëóäÖòèîã¬óÈ ăÕ­âóÂ×÷È 50% ÉóÂÂóääñÿìãĀæñÅ¬óÃöÕÉóÂ
ÂóäèòÕĂÚÂóäÖäèÉèòÕëúÈÉ÷Èăâ¬ëóâóä×ÖäèÉèòÕëóäØöćÜäõâóÔÖČćóăÕ­ 
 Samir A. Bhakta ĀæñÅÔñ (Bhakta et al., 2014)ăÕ­ĂË­îùÜÂäÔ°ÖäèÉèòÕÃîÈăìæÉùæáóÅ
ĀÛÛÂäñÕóêìóÜäõâóÔăÚăÖäØ°ĂÚÚČĈóæóãāÕãèõÙö Griess assay ÖäèÉèòÕāÕãĂË­ÿÅäøćîÈëĀÂÚÿÚîä°
ĀæñÚČóăÜÜäñâèæÝæÕ­èãāÜäĀÂäâ Adobe photoshop CS6 ĀæñÚČóÅ¬óØöćăÕ­ăÜÅČóÚèÔìóÜäõâóÔ
ăÚăÖäØ°ÉóÂÂóäî¬óÚÅ¬óÅèóâÿÃ­âëöÉóÂëöâ¬èÈĀÕÈĂÚāÜäĀÂäâ Adobe photoshop CS6 Ì÷ćÈî¬óÚÿÜĆÚ
Å¬óäúÜĀÛÛ CMYK 

Francisca T.S.M. Ferreira ĀæñÅÔñ (Ferreira et al., 2020) ăÕ­ßòÓÚóîùÜÂäÔ°èõÿÅäóñì°ØöćĂË­
ÂäñÕóêăâāÅäàæúîõÕõÂëîÈËÚõÕ (µPAD) ëČóìäòÛÂóäìóÜäõâóÔÃîÈăÚăÖäØ°ĀæñăÚÿÖäØÃîÈ
Öòèîã¬óÈÚČĈóæóãÃîÈâÚùêã°ÿßøćîË¬èãĂÚÂóäèõÚõÉÊòãāäÅĀæñëáóèñëùÃáóßØöćÿÂöćãèÃ­îÈÂòÛăîîîÚ
ÿìæ¬óÚöĈ ÂóäÜäñÿâõÚÂóääÛÂèÚĀæñÂóäé÷ÂêóÅèóâÿë×öãä µPAD ÿìæ¬óÚöĈîÚùÎóÖĂì­âöÂóäÖäèÉèòÕ
ăÚăÖäÖ°ĂÚË¬èÈ 5·250 µMāÕãâöÃöÕÉČóÂòÕ ÃîÈÂóäÖäèÉÉòÛĀæñÜäõâóÔ 0.05 µM Āæñ 0.17 µM 
ÖóâæČóÕòÛĀæñÂóäÂČóìÚÕăÚÿÖäÖĂÚË¬èÈ 0.2·1.2 mM āÕãâöÃöÕÉČóÂòÕÃîÈÂóäÖäèÉÉòÛĀæñÜäõâóÔ 
0.08 mM Āæñ 0.27 mM ÖóâæČóÕòÛ ëČóìäòÛÅèóâÿë×öãä µPAD ØòĈÈëîÈâöÅèóâÿë×öãäÿâøćîÿÂĆÛăè­ĂÚ
ëùÎÎóÂóéØöć 4 ° C (ăÚăÖäØ° µPAD ÿÜĆÚÿèæóîã¬óÈÚ­îã 60 èòÚĀæñ ăÚÿÖäØ µPAD ÿÜĆÚÿèæóîã¬óÈ
Ú­îã 14 èòÚ) ĀæñìæòÈÉóÂÂóäÉòÕèóÈÖòèîã¬óÈăÚăÖäØ°ĀæñăÚÿÖäØ µPAD ëóâóä×ëĀÂÚăÕ­áóãĂÚ 
4 Āæñ 2 ËòćèāâÈĀäÂÖóâæČóÕòÛ ÂóäèòÕăÚăÖäÖ° µPAD ×úÂÿÜäöãÛÿØöãÛÂòÛÂóäèòÕØöćăÕ­ÉóÂèõÙöÂóäèòÕëö
âóÖäÑóÚĀæñăâ¬âöÅèóâĀÖÂÖ¬óÈîã¬óÈâöÚòãëČóÅòÎØóÈë×õÖõäñìè¬óÈëîÈèõÙöÚöĈ ÿßøćîÜäñÿâõÚÅèóâ
Āâ¬ÚãČóÃîÈÂóäèòÕăÚÿÖäÖ µPAD ĂË­Öòèîã¬óÈÚČĈóØöćÝ¬óÚÂóääòÛäîÈ 4 Öòèîã¬óÈĀæñØČóÂóäé÷ÂêóāÕãĂË­
Öòèîã¬óÈÚČĈóæóã 

Thinikan Thongkam ĀæñÅÔñ (Thongkam et al., 2020) ăÕ­ØČóÂóäé÷ÂêóÿßøćîßòÓÚóîùÜÂäÔ°
èõÿÅäóñì°ØöćĂË­ÂäñÕóêăâāÅäàæúîõÕõÂ (PAD) ØöćÿÜĆÚâõÖäÂòÛëõćÈĀèÕæ­îâÌ÷ćÈĂË­ÃöĈÝ÷ĈÈÿÜĆÚèòëÕùØöćăâ¬ËîÛ
ÚČĈóĂìâ¬ëČóìäòÛÂóäÖäèÉèòÕăÚăÖäØ°ĀæñăÚÿÖäØĂÚÝæõÖáòÔÒ°îóìóäßä­îâÂòÚ Âóäßõâß°ëÂäöÚĂË­
ÿßøćîĂË­îõâòæËòÚÃöĈÝ÷ĈÈÂòÛÂäñÕóêÂäîÈÿßøćîëä­óÈëõćÈË¬îÈØóÈØöćăâ¬ËîÛÚČĈóØöćÌ÷âÝ¬óÚë¬èÚÖ¬óÈąÃîÈ
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ÂäñÕóêĀæñÂóäÂČóìÚÕßøĈÚØöćØöćËîÛÚČĈó µPAD ÚöĈÜäñÕõêÑ°ăÕ­È¬óãĀæñäèÕÿäĆèîöÂØòĈÈÅèóâëóâóä×ĂÚ
ÂóäØČóÌČĈóĀæñÅèóâÿë×öãäÃîÈîùÜÂäÔ°ÂĆëúÈÿË¬ÚÂòÚ àòÈÂ°ËòÚÂóäØČóÈóÚÃîÈ µPAD Ăìâ¬ăÕ­äòÛÂóä
ÜäòÛĂì­ÿìâóñëâëČóìäòÛÂóäÂČóìÚÕëöÃîÈăÚăÖäØ°ĀæñăÚÿÖäØĂÚÝæõÖáòÔÒ°îóìóäßä­îâÂòÚ 
îùÜÂäÔ°ØöćÿëäĆÉëâÛúäÔ°ëóâóä×ÖäèÉëîÛăÕ­ØòĈÈăÚăÖäØ°ĀæñăÚÿÖäØ āÕãâöÃöÕÉČóÂòÕÂóäÖäèÉÉòÛ
ÖóâæČóÕòÛØöć 0.1 Āæñ 0.4 mg.L-1 Å¬ó RSD ÖóâæČóÕòÛëČóìäòÛăÚăÖäØ°ĀæñăÚÿÖäØÅøî 1.8-2.9 % Āæñ 
1.2-2.2 % (ÅèóâĀâ¬ÚãČóäñìè¬óÈèòÚ) Āæñ 2.1-3.1 Āæñ 1.5-2.2 % % (ÅèóâĀâ¬ÚãČóáóãĂÚèòÚ) 
µPAD ăÕ­äòÛÂóäØÕëîÛÿßøćîìóÅ¬óăÚăÖäØ°ĀæñăÚÿÖäØĂÚÝæõÖáòÔÒ°îóìóäÖ¬óÈąĀæñÿâøćîÚČóÝæâó
ÿÜäöãÛÿØöãÛÂòÛÝæëÿÜÂāÖäāàāÖÿâÖäõÂāÕãĂË­ T-Test  two pair ßÛè¬óØòĈÈëîÈèõÙöăâ¬âöÅèóâ
ĀÖÂÖ¬óÈÂòÚîã¬óÈâöÚòãëČóÅòÎØöćäñÕòÛÅèóâÿËøćîâòćÚ 95 %  

Cromartie ĀæñÅÔñ (Cromartie et al., 2019) ăÕ­ëä­óÈîùÜÂäÔ°ăâāÅäàæúîõÕõÂĀÛÛÂäñÕóê
Øöćëóâóä×ØČóÂóäØÕëîÛÿÛøĈîÈÖ­ÚăÕ­ìæóãäúÜĀÛÛëČóìäòÛÂóäĀëÕÈîîÂÃîÈÃîÈÿìæèËöèáóßĂÚ
ë×óÚØöćÿÂõÕÿìÖù îùÜÂäÔ°ÿÜĆÚĀÛÛ âòæÖõÿßæĆÂÌ°ØČóĂì­ëóâóä×ÖäèÉìóăÕ­  ØòĈÈÿæøîÕ ÚČĈóæóã ÚČĈóîëùÉõ 
ĀæñÜòëëóèñăÕ­ßä­îâÂòÚ îùÜÂäÔ°ßÂßóÚöĈĂË­ ËùÕË¬îÈØóÈØöćËîÛÚČĈó (Hydrophilic  channels) Øöćëä­óÈ
Õ­èãÃöĈÝ÷ĈÈÛÚÂäñÕóêāÅäâóāÖÂäóàö āÕãØöćÜæóãØóÈÃîÈĀÖ¬æñË¬îÈÉñâöäöÿîÿÉÚÖ°ØöćØČóĂì­ÿÂõÕÂóä
ÿÜæöćãÚĀÜæÈÃîÈëö  (Colorimetric reagents) ØöćÖä÷Èăè­ÛÚÂäñÕóêØČóĂì­ëóâóä×î¬óÚÅ¬óăÕ­Õ­èãÖó
ÿÜæ¬óìäøîÖäèÉßÛăÕ­ÉóÂÂæ­îÈāØäéòßØ°âøî×øî îùÜÂäÔ°ßÂßóÚöĈË¬èãĂì­ ëóâóä×ÅòÕÂäîÈÃîÈÿìæè
ĂÚä¬óÈÂóã ƚ ËÚõÕ 
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ÛØØöć ƙ  
èõÙöÂóäÕČóÿÚõÚÂóä 

1. ÿÅäøćîÈâøîĀæñîùÜÂäÔ° 
 1.1 ÛæĆîÂëÂäöÚ 
 1.2 ăâāÅäÜõÿÜõÖ 
 Ɨ.ƙ ÂäñÕóêÂäîÈ Schleicher&Schüll Rundfilter 5893 Blue ribbon filter paper  
 1.4 ÿÅäøćîÈĂì­Åèóâä­îÚ (Heater)  
 1.5 ÃöĈÝ÷ĈÈ 
 Ɨ.Ɯ ÿØÜĂë 
 1.7 Nylon membrane filter ÃÚóÕ 0.45 µm 
 1.8 ÿÅäøćîÈĀÂ­è 
 Ɨ.Ɵ ăâ­ßòÚëČóæö 
 Ɨ.ƗƖ ×ùÈßæóëÖõÂÌõÜæĆîÂ 
 1.11 ÿÅäøćîÈ Ultrasonic  water bath ãöćì­î CREST 
 Ɨ.ƗƘ ÂäñÛîÂÊöÕëóäæñæñæóã 
 1.13 ÃèÕĂë¬ëóäæñæóã (Vial) 
 1.14 ÿÅäøćîÈËòćÈëóä 
 1.15 ÿÅäøćîÈ Ion   chromatograph (IC) äù¬Ú DIONEX ICS-1000 
2. ëóäÿÅâö 
 2.1 Potassium nitrate (KNO3) 
 2.2 Sodium nitrite (NaNO2) 
 2.3 ÃöĈÝ÷ĈÈ (Beewaxs) 
 2.4 Sulfanilamide 
 2.5 N-(-Naphtyl)-ethylenediaminie.2HCL (NED) 
 2.6 Critic acid 
 2.7 Zn suspension 
 2.8 Interference Sodium chlorine (NaCl) 
 2.9 Interference Potassium sulfate (K2SO4) 
 2.10 Interference Potassium dihydrogen phosphate (KH2PO4) 
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3. ÂóäÿÖäöãâëóäæñæóã 
 3.1 ëóäæñæóãăÚÿÖäØ 50 mM 
 ËòćÈ KNO3 âó Ɩ.ƘƛƘƛ g æñæóãĂÚÚČĈóÜäóéÉóÂăîîîÚÜäòÛÜäõâóÖäÿÜĆÚ ƛƖ ml ĀæñÚČóâóÿÉøî 
ÉóÈĂì­ăÕ­ÅèóâÿÃ­âÃ­Úîãú¬ĂÚË¬èÈ ƗƖ-400 µM Āæñ ƗƖ-50 mM ÿßøćîÚČóëä­óÈÂäóàëóäâóÖäÑóÚÃîÈ
ØòĈÈ Ƙ èõÙö 
 3.2 ëóäæñæóãăÚăÖäØ° 10 mM 

ËòćÈ NaNO2 âó Ɩ.ƖƜƟƖ g  æñæóãĂÚÚČĈóÜäóéÉóÂăîîîÚÜäòÛÜäõâóÖäÿÜĆÚ ƗƖƖ ml ĀæñÚČóâó
ÿÉøîÉóÈĂì­ăÕ­ÅèóâÿÃ­âÃ­Úîãú¬ĂÚË¬èÈ Ɨ-200 µM Āæñ Ƙ-10 mM ÿßøćîÚČóëä­óÈÂäóàëóäâóÖäÑóÚÃîÈ
ØòĈÈ Ƙ èõÙö  
 3.3 ëóäæñæóã Critic acid 330 mM 
 ËòćÈ Critic acid 3.1680 g æñæóãĂÚÚČĈóÜäóéÉóÂăîîîÚÜäòÛÜäõâóÖäÿÜĆÚ ƛƖ ml ÿßøćîĂì­ăÕ­ 
ÅèóâÿÃ­âÃ­ÚÃîÈëóäæñæóã Critic acid  330 mM   
 ƙ.ƚ ëóäæñæóã Sulfanilamide 50 mM 
 ËòćÈ Sulfanilamide 0.0860 g æñæóãĂÚëóäæñæóã Critic acid 330 mM ÜäòÛÜäõâóÖäÿÜĆÚ ƗƖ 
ml ĀæñÚČóâóÿÉøîÉóÈĂì­ăÕ­ÅèóâÿÃ­âÃ­ÚĂì­ăÕ­ 10 Āæñ ƛƖ mM  
 ƙ.ƛ ëóäæñæóã N-(-Naphtyl)-ethylenediaminie.2HCL (NED) 50 mM 

ËòćÈ NED 0.1350 g æñæóãĂÚÚČĈóÜäóéÉóÂăîîîÚÜäòÛÜäõâóÖäÿÜĆÚ ƗƖ ml ĀæñÚČóâóÿÉøîÉóÈ 
Ăì­ăÕ­ÅèóâÿÃ­âÃ­ÚĂì­ăÕ­ 10 Āæñ ƛƖ mM 

3.6 ëóäæñæóã Zn suspension  
ËòćÈÝÈ Zn 0.5000 g æñæóãĂÚÚČĈóÜäóéÉóÂăîîîÚÜäòÛÜäõâóÖäÿÜĆÚ ƗƖ ml   
3.7 ëóäæñæóãäÛÂèÚ NaCl, K2SO4 Āæñ KH2PO4  
ÿÖäöãâëóäæñæóãäÛÂèÚĀÖ¬æñÖòèĂì­ăÕ­ÅèóâÿÃ­âÃ­Ú ƗƖ mM  

 
4. ÂóäÿÂĆÛÖòèîã¬óÈÿÃâ¬óÜøÚĀæñèõÙöÂóäÿÖäöãâÖòèîã¬óÈÿÃâ¬óÜøÚ   
  4.1 ë×óÚØöćÿÂĆÛÖòèîã¬óÈ     
 ØČóÂóäÿÂĆÛÖòèîã¬óÈÿÃâ¬óÕõÚÜøÚÉóÂÜæîÂÂäñëùÚÜøÚĀæñÛäõÿèÔìæòÈâøî Ô éúÚã°äóËÂóä 
ÉòÈìèòÕÚÅäÜÑâ  âöÂóäãõÈÜøÚØòĈÈìâÕ ƗƖ ÂäñÛîÂ ÂäñÛîÂæñ Ɨ ÚòÕ  

4.2 ÂóäÿÂĆÛÖòèîã¬óÈ    



  23 

 4.2.1 ĂË­ăâ­ßòÚëČóæöØöćìãÕÕ­èãÚČĈóÜäóéÉóÂăîîîÚÿËĆÕÛäõÿèÔìæòÈâøîØòĈÈëîÈăÜĂÚØõéØóÈ
ÿÕöãèì­óâÿËĆÕăÜÂæòÛĀæñÿÂĆÛĂë¬×ùÈßæóëÖõÂÌõÜæĆîÂĀãÂÖòèîã¬óÈÿÃâ¬óÕõÚÜøÚÛäõÿèÔâøîÃèóĀæñÌ­óã 
( 1 ×ùÈ / Ɨ Öòèîã¬óÈ) ÉóÂÚòĈÚØČóÂóäÿÂĆÛĀÛÛÿÕöãèÂòÚĂÚØùÂÖòèîã¬óÈ  

4.2.2 ìãÕÚČĈóÜäóéÉóÂăîîîÚÛÚăâ­ßòÚëČóæöÿÜĆÚ blank ĀæñÿÂĆÛĂë¬×ùÈßæóëÖõÂÌõÜæĆîÂ  
4.2.3 ÜæîÂÂäñëùÚÜøÚØČóÂóäÿÂĆÛĂë¬×ùÈßæóëÖõÂÌõÜæĆîÂ Ɨ ÜæîÂÂäñëùÚÖ¬î Ɨ ×ùÈ 
4.3 ÂóäÿÖäöãâÖòèîã¬óÈÂ¬îÚÚČóâóèõÿÅäóñì°       

 4.3.1 ÚČóăâ­ßòÚëČóæöÖòèîã¬óÈØöćÿÂĆÛÛäõÿèÔâøîĂë¬ÚČĈóÜäóéÉóÂăîîîÚ Ƙ ml ĂÚÃèÕ vial  
4.3.2 ÚČóÜæîÂÂäñëùÚÜøÚ èóÈĀÚèÖòĈÈÊóÂÂòÛÃèÕ ÜæîÂÂäñëùÚÃÚóÕÿæĆÂĀæñĂìÎ¬Ăë¬ÚČĈó

ÜäóéÉóÂăîîîÚ Ɨ Āæñ Ƙ ml ÖóâæČóÕòÛ  
4.3.3 ÚČóÃèÕ vial ăÜëÂòÕĂÚÿÅäøćîÈ Ultrasonic ÿÜĆÚÿèæó Ɨ ËòćèāâÈĀæñëóäæñæóãÖòèîã¬óÈØöć 

ëÂòÕăÕ­ăÜÂäîÈÝ¬óÚ Nylon membrane filter ÃÚóÕäúßäùÚ Ɩ.ƚƛ µm ĀæñÚČóăÜÖäèÉèòÕÕ­èãÿÅäøćîÈ IC    
ƚ.ƙ.ƚ ÚČóëóäæñæóãÖòèîã¬óÈØöćÿìæøîăÜÖäèÉèòÕÕ­èãîùÜÂäÔ°ÖäèÉèòÕĀÛÛÂäñÕóêØöćâöÂóä

ÛääÉùäöÿîÿÉÚØ°ăè­Â¬îÚĀæ­è 
  

5. ÂóäÜäñÕõêÑ°îùÜÂäÔ°ÖäèÉèòÕĀÛÛÂäñÕóêÕ­èãÿØÅÚõÅ screen printing    
ƛ.Ɨ îîÂĀÛÛîùÜÂäÔ°ÖäèÉèòÕĀÛÛÂäñÕóêÕ­èãāÜäĀÂäâ Adobe Photoshop CS6 ÕòÈáóßØöćĀëÕÈ 

ƛ.Ɨ.Ɨ äúÜĀÛÛØöć ƗA-1D ÉñÃÚóÕË¬îÈØóÈÂóäăìæãóè Ƙ.Ɩ cm ĀæñÃÚóÕÃîÈÅèóâÂè­óÈÃîÈ
Ë¬îÈØóÈÂóäăìæ Ɩ.Ɨƛ cm ÿØ¬óÂòÚ ÉñĀÖÂÖ¬óÈÂòÚĂÚë¬èÚÃîÈÃÚóÕÿë­ÚÝ¬óÚéúÚã°ÂæóÈèÈÂæâÛäõÿèÔ
ØöćìãÕëóäÖòèîã¬óÈ (Sample zone) āÕãØöćÃÚóÕÿë­ÚÝ¬óÚéúÚã°ÂæóÈ (d) ÃîÈ ƗA-1D ÿØ¬óÂòÛ 0.20 , 
0.30, 0.40 Āæñ 0.50 cm ÖóâæČóÕòÛ 

 
áóßØöć 9 îùÜÂäÔ°ÖäèÉèòÕĀÛÛÂäñÕóêĀ×èØöć Ɨ (1A-1D) 
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  ƛ.Ɨ.Ƙ äúÜĀÛÛØöć ƘA-2D ÉñÃÚóÕË¬îÈØóÈÂóäăìæãóè Ƙ.Ɩ cm ĀæñÃÚóÕÃîÈÅèóâÂè­óÈÃîÈ
Ë¬îÈØóÈÂóäăìæ Ɩ.ƘƖ cm ÿØ¬óÂòÚ ÉñĀÖÂÖ¬óÈÂòÚĂÚë¬èÚÃîÈÃÚóÕÿë­ÚÝ¬óÚéúÚã°ÂæóÈèÈÂæâÛäõÿèÔ
ØöćìãÕëóäÖòèîã¬óÈ (Sample zone) āÕãØöćÃÚóÕÿë­ÚÝ¬óÚéúÚã°ÂæóÈ (d) ÃîÈ ƗA-1D ÿØ¬óÂòÛ 0.20 , 
0.40, 0.50 Āæñ 0.60 cm ÖóâæČóÕòÛ 

 
áóßØöć 10 îùÜÂäÔ°ÖäèÉèòÕĀÛÛÂäñÕóêĀ×èØöć Ƙ (2A-2D) 

 

  ƛ.Ɨ.ƙ äúÜĀÛÛØöć ƙA-3D ÉñÃÚóÕË¬îÈØóÈÂóäăìæãóè Ƙ.Ɩ cm ĀæñÃÚóÕÃîÈÅèóâÂè­óÈÃîÈ
Ë¬îÈØóÈÂóäăìæ Ɩ.ƙƖ cm ÿØ¬óÂòÚ ÉñĀÖÂÖ¬óÈÂòÚĂÚë¬èÚÃîÈÃÚóÕÿë­ÚÝ¬óÚéúÚã°ÂæóÈèÈÂæâÛäõÿèÔ
ØöćìãÕëóäÖòèîã¬óÈ (Sample zone) āÕãØöćÃÚóÕÿë­ÚÝ¬óÚéúÚã°ÂæóÈ (d) ÃîÈ ƙA-3D ÿØ¬óÂòÛ 0.40 , 
0.50, 0.60 Āæñ 0.70 cm ÖóâæČóÕòÛ  

 
áóßØöć 11 îùÜÂäÔ°ÖäèÉèòÕĀÛÛÂäñÕóêĀ×èØöć 3 (3A-3D) 
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ƛ.Ɨ.ƚ  ÚČóăÜÉòÕèóÈÿÜĆÚĀÛÛÿßøćîØČóÛæĆîÂëÂäöÚÃÚóÕ A4  ÕòÈáóß 

 
áóßØöć 12 Āâ¬ĀÛÛÛæĆîÂëÂäöÚ 12 äúÜĀÛÛ 

 

5.1.5 ÚČóÂäñÕóêÂäîÈăÜèóÈÛÚ hot plate Āæ­èèóÈÛæĆîÂëÂäöÚØòÛæÈÛÚÂäñÕóêÂäîÈ Ăì­
Åèóâä­îÚØöćîùÔìáúâõ ƛƛ  ÿßøćîëÂäöÚÃöĈÝ÷ĈÈ Ɩ.ƘƖƖƖ g æÈÂäñÕóêÂäîÈØöćÂČóìÚÕÃîÛÿÃÖ ÉÚÃ÷ĈÝ÷ĈÈ
æñæóãìâÕ ÚČóÂäñÕóêÂäîÈØöćăÕ­âóßòÂĂì­Åèóâä­îÚÅæóãÖòè 
Ɯ. é÷ÂêóÂäñÕóêÂäîÈØöćÿìâóñëâØöćĂË­ĂÚÂóäëä­óÈîùÜÂäÔ°ÖäèÉèòÕĀÛÛÂäñÕóê (µPAD) 
 ÚČóÂäñÕóêÂäîÈØòĈÈ Ɯ ËÚõÕëÂäöÚĂÚäúÜĀÛÛØöćÿìâóñëâĀæñÚČóâóÿÜäöãÛÿØöãÛÂóäÕúÕÌòÛ
ĀæñäñãñÿèæóÂóäăìæÃîÈëóäæñæóãëöÝëâîóìóä ÿßøćîÿæøîÂäúÜĀÛÛĀæñÂäñÕóêÂäîÈØöćÿìâóñëâ
ĂÚÂóäëä­óÈîùÜÂäÔ°ÖäèÉèòÕ 
7. é÷ÂêóÜäõâóÖäëóäÖòèîã¬óÈ, ëóäâóÖäÑóÚ ĀæñäöÿîÿÉÚØ° 

ìãÕëóäæñæóãëöÝëâîóìóäæÈÛäõÿèÔØöćìãÕÖòèîã¬óÈ (Sample zone) ĀæñëòÈÿÂÖÂóäăìæ
ÛÚË¬îÈØóÈÂóäăìæè¬óëëóäæñæóãëöÝëâîóìóäëóâóä×ăìæăÕ­ÿÖĆâË¬îÈØóÈÂóäăìæÕ­èãÜäõâóÖä 
1-3 µl   
ƞ. é÷ÂêóäñãñÿèæóÂóäÖäèÉèòÕäñãñØóÈÛÚîùÜÂäÔ°ÖäèÉèòÕĀÛÛÂäñÕóê (µPAD) 
 ìãÕ Griesss reagent ÛäõÿèÔØöćìãÕÖòèîã¬óÈÉóÂÚòĈÚìãÕëóäæñæóãâóÖäÑóÚăÚÿÖäØĀæñ
ëòÈÿÂÖÂóäÿÜæöćãÚĀÜæÈÂóäăìæÃîÈëóäæñæóãëöØöćÿÂõÕÃ÷ĈÚ   
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Ɵ. é÷ÂêóÝæÂóääÛÂèÚÃîÈëóääÛÂèÚ 
 ÚČóëóäæñæóãäÛÂèÚ Cl-, PO43- Āæñ SO42- ÅèóâÿÃ­âÃ­Ú ƗƖ mM âóìãÕæÈÛÚîùÜÂäÔ°
ÖäèÉèòÕĀÛÛÂäñÕóêØöćâöÂóäÿÖäöãâäöÿîÿÉÚØ°ăè­Â¬îÚĀæ­è 
10. ÂóäØÕëîÛÅèóâĂË­ăÕ­ÃîÈèõÙöèõÿÅäóñì°Õ­èãîùÜÂäÔ°ÖäèÉèòÕÛÚÂäñÕóê (µPAD)    
 10.1 ØÕëîÛË¬èÈÅèóâÿÜĆÚÿë­ÚÖäÈ (Linearity)  
  ìãÕëóäæñæóãâóÖäÑóÚăÚÿÖäØĀæñăÚăÖäØ°ÅèóâÿÃ­âÃ­Ú 10-50 Āæñ 2-10 mM
ÖóâæČóÕòÛ ÛÚîùÜÂäÔ°ÖäèÉèòÕØöćâöÂóäÿÖäöãâäöÿîÿÉÚØ° Griess ĀæñÖòèäöÕõèÌ° Zn ăè­ÿäöãÛä­îãĀæ­è          
ÉóÂÚòĈÚèòÕäñãñØóÈÂóäăìæÃîÈëöØöćÿÂõÕÃ÷ĈÚØöćÿèæó ƗƖ ÚóØö ÿßøćîëä­óÈÂäóàâóÖäÑóÚäñìè¬óÈäñãñ 
ØóÈÂóäÿÅæøćîÚØöćÃîÈÜÐõÂõäõãóëöĀæñÃîÈÜäõâóÔăÚÿÖäØĀæñăÚăÖäØ° 
  10.2 ØÕëîÛÅèóâĀâ¬ÚãČó (Precision)  
     ìãÕëóäæñæóãâóÖäÑóÚăÚÿÖäØĀæñăÚăÖäØ°ÅèóâÿÃ­âÃ­Ú 10, 30, 50 Āæñ 2,6,10 mM 
ÖóâæČóÕòÛ ÅèóâÿÃ­âÃ­Úæñ 6 ÅäòĈÈ æÈÛÚîùÜÂäÔ°ÖäèÉèòÕØöćâöÂóäÿÖäöãâäöÿîÿÉÚØ° Griess ĀæñÖòè
äöÕõèÌ° Zn     ăè­ÿäöãÛä­îãĀæ­è ÉóÂÚòĈÚÚČóâóÅČóÚèÔìóÅèóâëóâóä×ĂÚÂóäØČóÌČĈó (Å¬óÿÊæöćãÿÛöćãÈÿÛÚ
ëòâßòÚÙ°, %RSD)  
11. èõÿÅäóñì°Öòèîã¬óÈÿÃâ¬óÕõÚÜøÚÕ­èãîùÜÂäÔ°ÖäèÉèòÕĀÛÛÂäñÕóê (µPAD) ĀæñÿÅäøćîÈ Ion 
chromatography (IC) 
 ÚČóëóäæñæóãÖòèîã¬óÈÿÃâ¬óÕõÚÜøÚâóÖäèÉèòÕÜäõâóÔăÚăÖäØĀæñăÚăÖäØ°Õ­èãîùÜÂäÔ°
ÖäèÉèòÕĀÛÛÂäñÕóêØöćâöÂóäÿÖäöãâäöÿîÿÉÚØ° Griess ĀæñÖòèäöÕõèÌ° zn ăè­Â¬îÚĀæ­è ØõĈÈăè­ ƗƖ ÚóØö
Āæ­èèòÕäñãñÃîÈëö ÿßøćîìóÜäõâóÔăÚÿÖäØĀæñăÚăÖäØ° ÉóÂÚòĈÚÚČóÿÃâ¬óÕõÚÜøÚë¬èÚØöćÿìæøîâó
èõÿÅäóñì°Õ­èãÿÅäøćîÈ IC āÕãÖòĈÈÅ¬óÿÅäøćîÈ IC ØöćâöëáóèñÕòÈÖóäóÈØöć Ɨ 
ÖóäóÈØöć 1 ÂóäÖòĈÈÅ¬óëáóèñÃîÈÿÅäøćîÈ Ion chromatography (IC)  

Ion chromatography (IC) Dionex ICS-1000 
Program Dionex CM Dongle Chromeleon 680 SPI build 2238 
Detector Conductivity 
Eluent Potassium hydroxide 

Gradient eluent ÅèóâÿÃ­âÃ­ÚÿäõćâÖ­Ú ƛ mM ÅèóâÿÃ­âÃ­ÚëùÕØ­óã Ƙƛ mM 
Runtime 10.0 min 
Flow rate 1.00 ml / min 

Guard column DionexIonPac AG17 Guard coumn 
Analytical column DionexIonPac AS17-C Analytical column 
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12.  ØÕëîÛÅèóâĂË­ăÕ­ÃîÈÂóäèõÿÅäóñì°Õ­èãÿÅäøćîÈ Ion chromatography (IC) 
 12.1 ØÕëîÛË¬èÈÅèóâÿÜĆÚÿë­ÚÖäÈ (Linearity)  
  ÊöÕëóäæñæóãâóÖäÑóÚÝëâăÚÿÖäØĀæñăÚăÖäØ°ØöćË¬èÈÅèóâÿÃ­âÃ­Ú 10-400 µM Āæñ     
1-200 µM ÖóâæČóÕòÛ ÊöÕëóäæñæóãÿÃ­óÿÅäøćîÈ IC ÿßøćîèõÿÅäóñì°ÜäõâóÔëóäæñæóãÝëâăÚÿÖäØĀæñ
ăÚăÖäØ° ÉóÂÚòĈÚÚČóÅ¬óßøĈÚØöćĂÖ­ßöÅØöćăÕ­âóëä­óÈÂäóàâóÖäÑóÚĀëÕÈÅèóâëòâßòÚÙ°äñìè¬óÈÅ¬óßøĈÚØöć
ĂÖ­ßöÅĀæñÅ¬óÅèóâÿÃ­âÃ­ÚÃîÈëóäæñæóãăÚÿÖäØĀæñăÚăÖäØ° 
 12.2 ØÕëîÛÅèóâÉČóÿßóñ (Specificity) 
 ÊöÕëóäæñæóãâóÖäÑóÚÝëâăÚÿÖäØĀæñăÚăÖäØ°ØöćÅèóâÿÃ­âÃ­Ú 200 µM Āæñ 100 µM 
ÖóâæČóÕòÛ ÅèóâÿÃ­âÃ­Úæñ 3 ÅäòĈÈ ÿÃ­óÿÅäøćîÈ IC ÿßøćîØČóÂóäèõÿÅäóñì° 
 ÊöÕëóäæñæóãâóÖäÑóÚÝëâăÚÿÖäØăÚăÖäØ°ÝëâÂòÛëóääÛÂèÚ Cl-, PO43- Āæñ SO42- 
ĀæñëóäæñæóãæñæóãÝëâăÚÿÖäØăÚăÖäØ°ÂòÛëóäæñæóãÖòèîã¬óÈÿÃâ¬óÕõÚÜøÚ ÿßøćîßõÉóäÔóØöćßöÅØöć
îóÉäÛÂèÚÂóäÖäèÉèòÕÜäõâóÔăÚÿÖäØĀæñăÚăÖäØ° 
  12.3 ØÕëîÛÅèóâĀâ¬ÚãČó (Precision)  
     ÊöÕëóäæñæóãâóÖäÑóÚÝëâăÚÿÖäØĀæñăÚăÖäØ°ØöćÅèóâÿÃ­âÃ­Ú 50, 100, 200 µM Āæñ 
30,100,200 µM ÖóâæČóÕòÛ ÅèóâÿÃ­âÃ­Úæñ 3 ÅäòĈÈ æÈĂÚëóäæñæóãÖòèîã¬óÈØöćăâ¬âöÿÃâ¬óÕõÚÜøÚÛÚ
ĀæñÊöÕëóäæñæóãÿÃ­óÿÅäøćîÈ IC  
 ƗƘ.ƚ é÷ÂêóìóÅ¬ó LOD Āæñ LOQ 
 ÊöÕëóäæñæóãÝëâăÚÿÖäØĀæñăÚăÖäØ°ØöćÅèóâÿÃ­âÃ­Ú Ɩ.ƖƖƛ µM Āæñ 0.01 µM ÖóâæČóÕòÛ 
ÅèóâÿÃ­âÃ­Úæñ ƗƖ ÅäòĈÈ ÿÃ­óÿÅäøćîÈ IC ÿßøćîÚČóâóÅČóÚèÔìóÅ¬ó LOD Āæñ LOQ 
13. ÂóäèõÿÅäóñì°ìóÜäõâóÔØòĈÈ Ƙ èõÙöâóÿÜäöãÛÿØöãÛÂòÚ 

ÚČóÅ¬óèõÿÅäóñì°ìóÜäõâóÔăÚÿÖäØĀæñăÚăÖäØ°ØòĈÈ Ƙ ÂóäèõÿÅäóñì°âóÿÜäöãÛÿØöãÛÂòÚÕ­èã
ÂóäèõÿÅäóñì°ëìëòâßòÚÙ° (Correlative analysis) āÕãßõÉóäÔóÅ¬óëòâÜäñëõØÙ°ëìëòâßòÚÙ° (r) ÉóÂ
ëâÂóäÿë­ÚÖäÈÃîÈÂóäìóÜäõâóÔăÚÿÖäØĀæñăÚăÖäØ°ØöćÖäèÉèõÿÅäóñì°ØòĈÈ Ƙ èõÙö 
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ÛØØöć ƚ 
ÝæÂóäØÕæîÈ 

4.1 ÝæÂóäÜäñÕõêÑ°îùÜÂäÔ°ÂóäÖäèÉèòÕĀÛÛÂäñÕóê (µPAD) 
 ÉóÂÜäñÕõêÑ°îùÜÂäÔ°ÖäèÉèòÕĀÛÛÂäñÕóêāÕãîóéòãÿØÅÚõÅÂóä screen printing āÕãÂóä
ëÂäöÚÃöĈÝ÷ĈÈæÈÛÚÂäñÕóêÂäîÈØòĈÈ ƗƘ äúÜĀÛÛ Õ­èãÂóäĂì­Åèóâä­îÚØöćîùÔìáúâõ ƛƛ  ÉÚÃöĈÝ÷ĈÈ
æñæóã ÝæÜäóÂÐè¬óäúÜĀÛÛØöć ƗA-1D  Ë¬îÈØóÈÂóäăìæĂÚâöÃÚóÕ Ɩ.Ɨƛ cm ØČóĂì­ÃöĈÝ÷ĈÈæñæóãÌ÷âæÈ
ÛÚÂäñÂäñÕóêāÕãăâ¬ĀÛ¬ÈĀãÂë¬èÚØöćăâ¬ËîÛÚČĈóĀæñë¬èÚØöćË¬îÈÚČĈó äúÜĀÛÛ ƘA-2D ÛäõÿèÔØöćìãÕ
Öòèîã¬óÈâöÅèóâËòÚÿÉÚÂè¬óĀ×èØöć Ɨ ĀÖ¬Ë¬îÈØóÈÂóäăìæÃöĈÝ÷ĈÈæñæóãÌ÷âæÈÛäõÿèÔë¬èÚØöćËîÛÚČĈó
ÿË¬ÚÿÕöãèÂòÚ ĂÚë¬èÚäúÜĀÛÛ ƙA-3D ÉñĂì­ăÕ­îã¬óÈËòÕÿÉÚè¬óÂóäëÂäöÚÃöĈÝ÷ĈÈÛÚĀâ¬ĀÛÛâöÅèóâ
æñÿîöãÕÖ¬óÈÉóÂäúÜĀÛÛîøćÚą āÕãÿÊßóñäúÜĀÛÛØöć ƙD ÕòÈÚòĈÚÉ÷ÈÿæøîÂäúÜĀÛÛØöć ƙD ĂÚÂóäÜäñÕõêÑ°
îùÜÂäÔ°ÂóäÖäèÉèòÕĀÛÛÂäñÕóê ÕòÈáóßØöć Ɨƙ 

 
áóßØöć 13 îùÜÂäÔ°ÖäèÉèòÕĀÛÛÂäñÕóêØòĈÈ ƗƘ äúÜĀÛÛ 

 

4.2 ÝæÂóäé÷ÂêóÂäñÕóêÂäîÈĂÚäúÜĀÛÛØöćÿìâóñëâØöćĂË­ĂÚÂóäëä­óÈîùÜÂäÔ°ÖäèÉèòÕĀÛÛÂäñÕóê 
(µPAD) 

Âóäé÷ÂêóÂóäØČóîùÜÂäÔ°ÖäèÉèòÕĀÛÂÂäñÕóêāÕãĂË­ÂäñÕóêÂäîÈØòĈÈ Ɯ ËÚõÕ ßÛè¬ó 
Öòèîã¬óÈæČóÕòÛØöć Ɨ  Ederol Rundfilter 4,3 cm ÜäõâóÔÃöĈÝ÷ĈÈØöćĂË­ 0.1500-0.2000 g æòÂêÔñ

ÂóäăìæÃîÈëóäæñæóãëöÝëâîóìóäÜäõâóÖäëóä Ƙ µl ĂË­ÿèæóĂÚÂóäăìæÝ¬óÚË¬îÈÚóÚÿÂõÚ ƗƖ ÚóØö 
ĀæñĂÚÂóäØČóÌČĈó ĂÚÜäõâóÖäÿÕöãèÂòÚ ëóäëöăâ¬ëóâóä×ăìæăÜÿÖĆâË¬îÈØóÈăÕ­ äñãñÿèæóĂÚÂóäÕúÕ 
Ì÷âØöć 2 µl ÿèæóĂÚÂóäÕúÕÌ÷ââóÂÂè¬ó ƘƖ ÚóØö 
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Öòèîã¬óÈæČóÕòÛØöć Ƙ Whatmanƌ Schleicher & Schuellƌ 595 ÜäõâóÔÃöĈÝ÷ĈÈØöćĂË­ 0.1700-
0.2200 gæòÂêÔñÂóäăìæÃîÈëóäæñæóãëöÝëâîóìóäÜäõâóÖäëóä Ƙ µl ĂË­ĂÚÿèæóăìæÿÖĆâË¬îÈØóÈ
ÜäñâóÔ ƘÚóØöäñãñÿèæóĂÚÂóäÕúÕÌ÷âØöć 2 µl ÿèæóĂÚÂóäÕúÕÌ÷âÜäñâóÔ ƘƖ ÚóØö  

Öòèîã¬óÈæČóÕòÛØöć ƙ Schleicher & Schüll Rundfilter 1507 ÜäõâóÔÃöĈÝ÷ĈÈØöćĂË­ 0.2100-0.2500 g  
æòÂêÔñÂóäăìæÃîÈëóäæñæóãëöÝëâîóìóäÜäõâóÖäëóä Ƙ µl ëóäæñæóãĂË­ ĂÚÿèæóăìæÿÖĆâ
Ë¬îÈØóÈÜäñâóÔ ƘÚóØö ĀÖ¬ëóäëöăâ¬ëóâóä×ăìæăÕ­ÿÖĆâË¬îÈØóÈ  äñãñÿèæóĂÚÂóäÕúÕÌ÷âØöć 2 µl 
ÿèæóĂÚÂóäÕúÕÌ÷âÜäñâóÔ ƘƖ ÚóØö  

Öòèîã¬óÈæČóÕòÛØöć ƚ Schleicher & Schüll Rundfilter 5893 Blue ribbon ÜäõâóÔÃöĈÝ÷ĈÈØöćĂË­ 
0.2100-0.2200 g æòÂêÔñÂóäăìæÃîÈëóäæñæóãëöÝëâîóìóäÜäõâóÖäëóä Ƙ µl Āæñ ƙ µl ÜäóÂÐ
è¬óëóäëöĂË­ÿèæóĂÚÂóäăìæ ÿÖĆâË¬îÈØóÈÂóäăìæÜäñâóÔ ƛ ÚóØö ĀæñĂË­ÿèæóĂÚÂóäÕúÕÌ÷âÜäñâóÔ 
ƘƖ ÚóØö 
  Öòèîã¬óÈæČóÕòÛØöć ƛ Filtres Fioroni Filter Circles 601 ÜäõâóÔÃöĈÝ÷ĈÈØöćĂË­ 0.2100-0.2500 g
 æòÂêÔñÂóäăìæÃîÈëóäæñæóãëöÝëâîóìóäÜäõâóÖäëóä 2 µl Āæñ ƙ µl ÜäóÂÐè¬ó
ëóäæñæóãĂË­ÿèæóĂÚÂóäăìæÿÖĆâË¬îÈØóÈÂóäăìæÜäñâóÔ Ɲ ÚóØö ĀÖ¬ëóäëö Ƙ µl ăâ¬ëóâóä×ăìæ
ăÜÿÖĆâË¬îÈØóÈÂóäăìæăÕ­Āæñëóäëö ƙ µl ÿÂøîÛ ăìæăÜÿÖĆâË¬îÈØóÈÂóäăìæăÕ­ äñãñÿèæóĂÚÂóä
ÕúÕÌ÷âØöć 2 µl ĂË­ÿèæóĂÚÂóäÕúÕÌ÷âÜäñâóÔ Ɨƛ ÚóØöĀæñ ƙ  µl ĂË­ÿèæóĂÚÂóäÕúÕÌ÷âÜäñâóÔ ƙƖ 
ÚóØö  

Öòèîã¬óÈæČóÕòÛØöć Ɯ  Whatmanƌ Quantitative Filter Papers: Grade 542 ÜäõâóÔÃöĈÝ÷ĈÈØöćĂË­  
0.2100-0.2500 g æòÂêÔñÂóäăìæÃîÈëóäæñæóãëöÝëâîóìóäÜäõâóÖäëóä 2 µl ëóäëöĂË­ÿèæóĂÚ
ÂóäăìæÿÖĆâ Ë¬îÈØóÈÜäñâóÔ Ƙ ÚóØö ĀæñÜäõâóÖäëóä 3 µl ëóäëöĂË­ÿèæóĂÚÂóäăìæÿÖĆâË¬îÈØóÈ
ÜäñâóÔ ƛ ÚóØö ĀÖ¬ĂÚÂóäìãÕëóäëöĂÚÂäñÕóê ƛƚƘ ÜäõâóÖä  Ƙ Āæñ 3 µl ëóäæñæóãÌ÷âØČóæùÿÂõÚ
ßøĈÚØöćØöćÂČóìÚÕ ăâ¬ëóâóäĂË­ăÕ­ØòĈÈ ƙ ÂóäØČóÌČĈó 

ÕòÈÚòĈÚÉ÷ÈÿæøîÂĂË­Öòèîã¬óÈØöć ƚ ÂäñÕóêÂäîÈ Schleicher&Schüll Rundfilter 5893 Blue 
ribbon  Ì÷ćÈĂì­ÝæØöćÕöØöćëùÕĂÚÂóäØČóîùÜÂäÔ°ÖäèÉèòÕÕòÈÖóäóÈØöć 2 
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ÖóäóÈØöć 2 Âóäé÷ÂêóÂäñÕóêØòĈÈ Ɯ ËÚõÕĂÚÂóäÜäñÕõêÑ°îùÜÂäÔ°ÖäèÉèòÕ 

æČóÕòÛ ÂäñÕóêÂäîÈ ÜäõâóÔÃöĈÝ÷ĈÈ 
(g) 

ĲPAD ìãÕëöÝëâîóìóä 

1 

 

0.1752 

  

2 

 

0.2240 

  

3 

 

0.2305 

  

4 

 

 
0.2211 

  
5 

 

0.2205 

  
6 

 

0.2304 
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ƚ.ƙ ÝæÂóäé÷ÂêóÜäõâóÖäëóäÖòèîã¬óÈ, ëóäâóÖäÑóÚ ĀæñäöÿîÿÉÚØ° 
ØČóÂóäìãÕëóäæñæóãëöÝëâîóìóäÜäõâóÖä Ɨ-3 µl Ì÷ćÈÿÜĆÚÖòèĀØÚÃîÈëóäÖòèîã¬óÈ, ëóä

âóÖäÑóÚ ĀæñäöÿîÿÉÚØ°æÈÛäõÿèÔØöćìãÕÖòèîã¬óÈ (Sample zone) ĀæñëòÈÿÂÖÂóäăìæÛÚË¬îÈØóÈÂóä
ăìæÛÚÂäñÕóêÂäîÈ Schleicher&Schüll Rundfilter 5893 Blue ribbon ØöćâöëÂäöÚÃ÷ĈÈĂÚäúÜĀÛÛ ƙD 
è¬óâöÂóäăìæÃîëóäæñæóãëöëóâóä×ăìæăÕ­ÿÖĆâË¬îÈØóÈÂóäăìæ ÝæÂóäØÕæîÈĀëÕÈÕòÈÖóäóÈØöć ƙ 
ßÛè¬óØöćÜäõâóÖä Ɨ µl ăâ¬ëóâóä×ăìæăÕ­ÿÖĆâË¬îÈØóÈÂóäăìæ ØöćÜäõâóÖä Ƙ µl Āæñ ƙ µl ëóâóä×
ăìæăÕ­ÿÖĆâË¬îÈØóÈÂóäăìæ ÕòĈÈÚòĈÚÉ÷ÈÿæøîÂÜäõâóÖä Ƙ µl ĂÚÂóäĂË­ÿÜĆÚÜäõâóÖäÃîÈëóäæñæóã
ØòĈÈìâÕĂÚÂóäØČóîùÜÂäÔ°ÖäèÉèòÕ 

 
ÖóäóÈØöć 3 æòÂêÔñÂóäăìæĂÚÂóäĂË­ÜäõâóÖäØöćÖ¬óÈÂòÚ 

æ
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Ô
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Û
Ø
ö
ć
 
ƙ

D 

ÜäõâóÖäëóä 1 µl  ÜäõâóÖäëóä 2 µl  ÜäõâóÖäëóä 3 µl 
 

 

  

 
ƚ.ƚ ÝæÂóäé÷ÂêóäñãñÿèæóÂóäÖäèÉèòÕäñãñØóÈìæòÈÉóÂÂóäÿÂõÕÜÐõÂõäõãó 
 ÿâøćîØČóÂóäìãÕ Griesss reagent ÛäõÿèÔØöćìãÕÖòèîã¬óÈÉóÂÚòĈÚìãÕëóäæñæóãâóÖäÑóÚăÚ
ÿÖäØÅèóâÿÃ­âÃ­Ú ƗƖ mM ÜäõâóÖä Ƙ µl ĀæñëòÈÿÂÖÂóäÿÜæöćãÚĀÜæÈÂóäăìæÃîÈëóäæñæóãëöĂì­
ăìæÿÖĆâË¬îÈØóÈÂóäăìæÿÜĆÚÿèæó ƙ ÚóØö ìæòÈÉóÂÚòĈÚØČóÂóäèòÕäñãñØóÈØöć ƛ, ƗƖ, Āæñ Ɨƛ ÚóØö Âóä
ÉóÂØÕæîÈßÛè¬óØöćÿèæó 5 ÚóØö ëóäæñæóãÛóÈË¬îÈãòÈăìæăâ¬ÿÖĆâË¬îÈØóÈÉ÷ÈãòÈăâ¬ëóâóä×èòÕ
äñãñØóÈØöćÿÂõÕÃîÈÜÐõÂõäõãóăÕ­ Øöćÿèæó ƗƖ ÚóØö ëóäæñæóãăìæÿÖĆâË¬îÈØóÈĀæñëóâóä×èòÕÅ¬ó
äñãñØóÈăÕ­ ĀæñØöćÿèæó Ɨƛ ÚóØö äñãñØóÈÃîÈëöØöćÜäóÂÐâöÂóäÿÅæøćîÚØöćÉóÂ ƗƖ ÚóØö ÿÜĆÚäñãñØóÈ 
0.0-0.2 cm ĀÖ¬äñãñØóÈÃîÈëöØöćèòÕÚòĈÚÿÜĆÚëöÉóÈąØöćÿÂõÕÉóÂëóäæñæóãĀßä¬ăÜÖóâË¬îÈØóÈ ÕòÈÚòĈÚÉ÷È
ÿæøîÂäñãñÿèæóĂÚÂóèòÕäñãñØóÈØöćÿèæó ƗƖ ÚóØö ÕòÈÖóäóÈØöć 4 
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ÖóäóÈØöć 4 áóß×¬óãäñãñØóÈĂÚÂóäÖäèÉèòÕØöćÿèæóÖ¬óÈą 
îùÜÂäÔ°ÖäèÉèòÕØöćÿèæó  

ƛ ÚóØö 

îùÜÂäÔ°ÖäèÉèòÕØöćÿèæó  

ƗƖ ÚóØö 

îùÜÂäÔ°ÖäèÉèòÕØöćÿèæó  

Ɨƛ ÚóØö 

   

 
4.5 ÝæÂóäé÷ÂêóÖòèäÛÂèÚÛÚîùÜÂäÔ°ÖäèÉèòÕ 
 ÿâøćîÚČóëóäæñæóãäÛÂèÚØòĈÈ ƙ Öòè Cl-, PO43- Āæñ SO42- ØöćÅèóâÿÃ­âÃ­Ú ƗƖ mM ÜäõâóÖä Ƙ 
Ĳl âóìãÕæÈÛÚîùÜÂäÔ°ÖäèÉèòÕĀÛÛÂäñÕóêăÚÿÖäØĀæñăÚăÖäØ°ØöćâöÂóäÿÖäöãâäöÿîÿÉÚØ°ăè­Â¬îÚ
Āæ­è ÿÜĆÚäñãñÿèæó ƗƖ ÚóØö ßÛè¬óăâ¬âöÂóäÿÂõÕëöËâßú¬ĀÕÈÃîÈÜÐõÂõäõãó Griess ĀëÕÈÕòÈáóßØöć ÕòÈÚòĈÚ
îùÜÂäÔ°ÂóäÖäèÉèòÕĀÛÛÂäñÕóêØöćèòÕÜäõâóÔăÚÿÖäØĀæñăÚăÖäØ°āÕãîóéòãÜÐõÂõäõãó Griess É÷Èăâ¬
×úÂäÛÂèÚÕ­èãëóääÛÂèÚÕòÈÂæ¬óè 
 

áóßØöć 14  ÂóäØÕëîÛÖòèäÛÂèÚÛÚîùÜÂäÔ°ÖäèÉèòÕ 



  33 

4.6 ÝæÂóäØÕëîÛÅèóâĂË­ăÕ­ÃîÈèõÙöèõÿÅäóñì°Õ­èãîùÜÂäÔ°ÖäèÉèòÕÛÚÂäñÕóê (µPAD)   
4.6.1 ÝæÂóäØÕëîÛÅèóâÿÜĆÚÿë­ÚÖäÈ  

ÿâøćîìãÕëóäæñæóãâóÖäÑóÚăÚÿÖäØÅèóâÿÃ­âÃ­Ú 10-50 mM (20-100 nmol) ÛÚîùÜÂäÔ°
ÖäèÉèòÕØöćâöÂóäÿÖäöãâäöÿîÿÉÚØ° Griess ĀæñÖòèäöÕõèÌ° Zn ăè­ÿäöãÛä­îãĀæ­è ÉóÂÚòĈÚèòÕäñãñØóÈÂóä
ăìæÃîÈëöØöćÿÂõÕÃ÷ĈÚØöćÿèæó ƗƖ ÚóØö ÿßøćîëä­óÈÂäóàâóÖäÑóÚäñìè¬óÈäñãñØóÈÂóäÿÅæøćîÚØöćÃîÈ
ÜÐõÂõäõãóëöĀæñÃîÈÜäõâóÔăÚÿÖäØ (nmol) ÿßøćîé÷ÂêóÅèóâÿÜĆÚÿë­ÚÖäÈÝæØöćăÕ­ÕòÈÃ­îâúæĂÚÖóäóÈ   
Øöć 5 
ÖóäóÈØöć 5  Å¬óÂóäèòÕäñãñØóÈÃîÈëöÛÚîùÜÂäÔ°ÖäèÉèòÕăÚÿÖäØØöćÅèóâÿÃ­âÃ­ÚË¬èÈ ƗƖ-50  mM 
(20-100 nmol) 
îùÜÂäÔ°ÖäèÉèòÕØöćÿèæó 
ƗƖ ÚóØö 

ÅèóâÿÃ­âÃ­Ú
ÃîÈăÚÿÖäØ 

(mM) 

ÜäõâóÔÃîÈ
ăÚÿÖäØ 
(nmol) 

Å¬óäñãñØóÈÿÊæöćã 
(n = 3) 

Å¬óÿÛöćãÈÿÛÚ
âóÖäÑóÚ 

 

 
50 
 

 
100 

 
1.9 
 

 
0.1 

 

 
40 

 
80 
 

 
1.7 

 
0.1 

 

 
30 

 
60 

 
1.6 

 
0.1 
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20 

 
40 
 

 
1.4 

 
0.1 
 

 

 
10 

 
20 

 
1.2 

 
0.2 

 

 ÉóÂÃ­îâúæĂÚÖóäóÈØöć ƛ  ßÛè¬óÿâøćîÅèóâÿÃ­âÃ­ÚÃîÈăÚÿÖäØëúÈÃ÷ĈÚ Å¬óäñãñØóÈØöćèòÕăÕ­Øöć
ÿèæó ƗƖ ÚóØö ÃîÈëöËâßúĀÕÈØöćÿÂõÕÜÐõÂõäõãóÃîÈ Griess âöÅ¬óÃîÈäñãñØóÈÿßõćâÃ÷ĈÚÿË¬ÚÂòÚ ÉóÂÚòĈÚÚČó
Ã­îâúæØöćăÕ­ÂóäÉóÂØÕæîÈăÜëä­óÈÂäóàâóÖäÑóÚĀëÕÈÅèóâëòâßòÚÙ°äñìè¬óÈÜäõâóÔăÚÿÖäØ 
(nmol) ĀæñÅ¬óäñãñØóÈÃîÈëöØöćÜäóÂÐ ÝæØöćăÕ­ĀëÕÈÕòÈáóßØöć Ɨƛ āÕãâöëâÂóäÿë­ÚÖäÈÿØ¬óÂòÛ         
y = 0.0076x + 0.73 Āæñ R² = 0.9874  

 
áóßØöć 15 ÂäóàĀëÕÈÅèóâëòâßòÚÙ°äñìè¬óÈÜäõâóÔăÚÿÖäØ (nmol) ÂòÛÅ¬óäñãñØóÈÃîÈëö 

 
ëČóìäòÛÂóäé÷ÂêóÅèóâÿÜĆÚÿë­ÚÖäÈÃîÈëóäæñæóãâóÖäÑóÚăÚăÖäØ° ÿâøćîìãÕëóäæñæóã

âóÖäÑóÚăÚăÖäØ°ÅèóâÿÃ­âÃ­Ú 2-10 mM (4-20 nmol)  ÛÚîùÜÂäÔ°ÖäèÉèòÕØöćâöÂóäÿÖäöãâäöÿîÿÉÚØ° 
Griess ăè­ÿäöãÛä­îãĀæ­è ÉóÂÚòĈÚèòÕäñãñØóÈÂóäăìæÃîÈëöØöćÿÂõÕÃ÷ĈÚØöćÿèæó ƗƖ ÚóØö ÿßøćîëä­óÈÂäóà
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âóÖäÑóÚäñìè¬óÈäñãñØóÈÂóäÿÅæøćîÚØöćÃîÈÜÐõÂõäõãóëöĀæñÃîÈÜäõâóÔăÚăÖäØ° (nmol) ÿßøćîé÷Âêó
ÅèóâÿÜĆÚÿë­ÚÖäÈÝæØöćăÕ­ÕòÈÃ­îâúæĂÚÖóäóÈØöć 6 

 
ÖóäóÈØöć 6 Å¬óÂóäèòÕäñãñØóÈÃîÈëöÛÚîùÜÂäÔ°ÖäèÉèòÕăÚăÖäØ°ØöćÅèóâÿÃ­âÃ­ÚË¬èÈ 2-10  mM (4-
20 nmol) 
îùÜÂäÔ°ÖäèÉèòÕØöćÿèæó 
ƗƖ ÚóØö 

ÅèóâÿÃ­âÃ­Ú
ÃîÈăÚăÖäØ° 

(mM) 

ÜäõâóÔÃîÈ
ăÚăÖäØ° 
(nmol) 

Å¬óäñãñØóÈÿÊæöćã 
(n = 3) 

Å¬óÿÛöćãÈÿÛÚ
âóÖäÑóÚ 

 

 
10 
 

 
20 

 
1.5 
 

 
0.1 

 

 
8 

 
16 
 

 
1.3 

 
0.1 

 

 
6 

 
12 

 
1.2 

 
0.1 

 

 
4 

 
8 
 

 
1.0 

 
0.1 
 

 

 
2 

 
4 

 
0.9 

 
0.1 
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ÉóÂÃ­îâúæĂÚÖóäóÈØöć Ɯ  ßÛè¬óÿâøćîÅèóâÿÃ­âÃ­ÚÃîÈăÚăÖäØ°ëúÈÃ÷ĈÚ Å¬óäñãñØóÈØöćèòÕăÕ­Øöć
ÿèæó ƗƖ ÚóØö ÃîÈëöËâßúĀÕÈØöćÿÂõÕÜÐõÂõäõãóÃîÈ Griess âöÅ¬óÃîÈäñãñØóÈÿßõćâÃ÷ĈÚÿË¬ÚÂòÚ ÉóÂÚòĈÚÚČó
Ã­îâúæØöćăÕ­ÂóäÉóÂØÕæîÈăÜëä­óÈÂäóàâóÖäÑóÚĀëÕÈÅèóâëòâßòÚÙ°äñìè¬óÈÜäõâóÔăÚăÖäØ° 
(nmol) ĀæñÅ¬óäñãñØóÈÃîÈëöØöćÜäóÂÐ ÝæØöćăÕ­ĀëÕÈÕòÈáóßØöć ƗƜ āÕãâöëâÂóäÿë­ÚÖäÈÿØ¬óÂòÛ        
y = 0.0438x + 1.02 Āæñ R² = 0.9957 

 

áóßØöć 16 ÂäóàĀëÕÈÅèóâëòâßòÚÙ°äñìè¬óÈÜäõâóÔăÚăÖäØ° (nmol) ÂòÛÅ¬óäñãñØóÈÃîÈëö 

   

áóßØöć 17 îùÜÂäÔ°ÖäèÉèòÕĀÛÛèòÕäñãñØóÈÃîÈëóäæñæóãâóÖäÑóÚăÚÿÖäØĀæñăÚăÖäØ° 
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ƚ.Ɯ.Ƙ ÝæØÕëîÛÅèóâĀâ¬ÚãČó (Pricision) 
ÿâøćîØČóÂóäØÕëîÛÅèóâĀâ¬ÚãČóÃîÈîùÜÂäÔ°ÖäèÉèòÕĀÛÛÂäñÕóêÃîÈÂóäèòÕäñãñ āÕãØČó

ÂóäìãÕëóäæñæóãâóÖäÑóÚăÚÿÖäØĀæñăÚăÖäØ°ÅèóâÿÃ­âÃ­Ú 10, 30, 50 mM  (20, 60 , 100 
nmol)Āæñ 2,6,10 mM (4, 12 , 20 nmol) ÖóâæČóÕòÛ ÅèóâÿÃ­âÃ­Úæñ 6 ÅäòĈÈ āÕãìãÕëóäæñæóã
âóÖäÑóÚăÚÿÖäØĀæñăÚăÖäØ°æÈÛÚîùÜÂäÔ°ÖäèÉèòÕ Ƙ  ØöćâöÂóäÿÖäöãâäöÿîÿÉÚØ° Griess ĀæñÖòè
äöÕõèÌ° Zn     ăè­ÿäöãÛä­îãĀæ­è ÉóÂÚòĈÚÚČóâóÅČóÚèÔìóÅèóâëóâóä×ĂÚÂóäØČóÌČĈóĂÚäúÜĀÛÛÂóä
èõÿÅäóñì°Å¬óä­îãæñÿÊæöćãÿÛöćãÈÿÛÚëòâßòÚÙ° (%RSD) ÕòÈÃ­îâúæĂÚÖóäóÈØöć  Ɲ Āæñ ƞ 

 
ÖóäóÈØöć 7 ÝæÂóäØÕëîÛÅèóâĀâ¬ÚãČóÃîÈîùÜÂäÔ°ÖäèÉèòÕĀÛÛèòÕäñãñØóÈÃîÈëóäæñæóã
âóÖäÑóÚăÚÿÖäØ 
ÜäõâóÔăÚÿÖäØ 

(nmol) 
Å¬óÿÊæöćãäñãñØóÈ 

(n=6) 
Å¬óÿÛöćãÈÿÛÚâóÖäÑóÚ 

(SD) 
Å¬óä­îãæñÿÛöćãÈÿÛÚëòâßòÚÙ° 

(%RSD) 
20 0.90 0.0480 4.54 
60 1.20 0.0516 4.30 
100 1.50 0.0418 2.72 

 

ÖóäóÈØöć 8ÝæÂóäØÕëîÛÅèóâĀâ¬ÚãČóÃîÈîùÜÂäÔ°ÖäèÉèòÕĀÛÛèòÕäñãñØóÈÃîÈëóäæñæóã
âóÖäÑóÚăÚăÖäØ° 
 

ÜäõâóÔăÚăÖäØ° 
(nmol) 

Å¬óÿÊæöćãäñãñØóÈ 
(n=6) 

Å¬óÿÛöćãÈÿÛÚâóÖäÑóÚ 
(SD) 

Å¬óä­îãæñÿÛöćãÈÿÛÚëòâßòÚÙ° 
(%RSD) 

4 1.20 0.0408 3.40 
12 1.60 0.0632 3.95 
20 1.90 0.0408 2.15 

 

ÉóÂÖóäóÈØöć Ɲ ÂóäèõÿÅäóñì°ÜäõâóÔăÚÿÖäØÛÚîùÜÂäÔ°ÖäèÉèòÕäñãñØóÈĀÛÛÂäñÕóêØöć 
ÜäõâóÔăÚÿÖäØ ƘƖ, ƜƖ Āæñ ƗƖƖ nmol  ßÛè¬óÂóäèõÿÅäóñì° %RSD îãú¬ĂÚË¬èÈ Ƙ.ƝƘ-ƚ.ƛƚ ĀæñÉóÂóä
ÖóäóÈØöć ƞ ÂóäèõÿÅäóñì°ÜäõâóÔăÚăÖäØ°ÛÚîùÜÂäÔ°ÖäèÉèòÕäñãñØóÈĀÛÛÂäñÕóêØöćÜäõâóÔăÚ
ăÖäØ° ƚ, ƗƘ Āæñ ƘƖ nmol  ßÛè¬óÂóäèõÿÅäóñì° %RSD îãú¬ĂÚË¬èÈ Ƙ.Ɨƛ-ƙ.Ɵƛ  ĀëÕÈĂì­ÿìĆÚ×÷ÈÜäñ
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ëõØÙ°áóßÂóäÖäèÉèòÕÜäõâóÔăÚÿÖäØĀæñăÚăÖäØ°āÕãîóéòãÜÐõÂõäõãó Griess ÛÚîùÜÂäÔ°ÖäèÉèòÕ
äñãñØóÈĀÛÛÂäñÕóêè¬óâöÅèóâĀâ¬ÚãČóëúÈ   
4.7 ÝæÂóäèõÿÅäóñì°Öòèîã¬óÈÿÃâ¬óÕõÚÜøÚÕ­èãîùÜÂäÔ°ÖäèÉèòÕĀÛÛÂäñÕóê (µPAD) ĀæñÿÅäøćîÈ Ion 
chromatography (IC)  
 ÉóÂÂóäÚČóëóäæñæóãÖòèîã¬óÈÿÃâ¬óÕõÚÜøÚâóÖäèÉèòÕÜäõâóÔăÚăÖäØĀæñăÚăÖäØ°Õ­èã
îùÜÂäÔ°ÖäèÉèòÕäñãñØóÈĀÛÛÂäñÕóêāÕãÂóäÚČóëóäÖòèîã¬óÈÿÃâ¬óÕõÚÜøÚÉóÂÛäõÿèÔìæòÈâøî ƗƖ 
Öòèîã¬óÈĀæñÉóÂÜæîÂÂäñëúÚÜøÚ ƗƖ ÖòèâóìãÕëóäæñæóãÖòèîã¬óÈÜäõâóÖä Ƙ Ĳl  æÈÛÚîùÜÂäÔ°
ÖäèÉèòÕØöćâöÂóäÿÖäöãâäöÿîÿÉÚØ° Griess ĀæñÖòèäöÕõèÌ° zn ăè­Â¬îÚĀæ­è ØõĈÈăè­ ƗƖ ÚóØöĀæ­èèòÕäñãñÃîÈ
ëöËâßúĀÕÈÿßøćîìóÜäõâóÔăÚÿÖäØĀæñăÚăÖäØ°ĂÚìÚ¬èã nmol ÉóÂëâÂóäÿë­ÚÖäÈÃîÈëóäæñæóã
âóÖäÑóÚăÚÿÖäØĀæñăÚăÖäØ° ÕòÈÖóäóÈØöć Ɵ ÉóÂÚòĈÚÚČóÿÃâ¬óÕõÚÜøÚë¬èÚØöćÿìæøîÃîÈØùÂîã¬óÈîã¬óÈ
âóèõÿÅäóñì°Õ­èãÿÅäøćîÈ IC ĀæñÚČóÅ¬óßøĈÚØöćĂÖ­ßöÅÃîÈÖòèîã¬óÈăÜÅČóÚèÔìóÜäõâóÔăÚÿÖäØĀæñăÚ
ăÖäØ°ÉóÂëâÂóäÿë­ÚÖäÈÃîÈëóäæñæóãâóÖäÑóÚăÚăÖäØĀæñăÚăÖäØ°ØöćăÕ­ÉóÂÂóäèõÿÅäóñì°Õ­èã
ÿÅäøćîÈ IC ÕòÈÖóäóÈØöć ƗƖ  
ÖóäóÈØöć 9 ÜäõâóÔăÚÿÖäØĀæñăÚăÖäØ°ÃîÈÖòèîã¬óÈÿÃâ¬óÕõÚÜøÚāÕãÂóäèõÿÅäóñì°Õ­èãîùÜÂäÔ°
ÖäèÉèòÕäñãñØóÈĀÛÛÂäñÕóê (µPAD) 

æČóÕòÛ Öòèîã¬óÈØöćèõÿÅäóñì° 
ÜäõâóÔăÚÿÖäØ 

(nmol) 
ÜäõâóÔăÚăÖäØ° 

(nmol) 
µPAD µPAD 

1 
ìæòÈâøîÃèó - - 
ìæòÈâøîÌ­óã - - 

2 
ìæòÈâøîÃèó - - 
ìæòÈâøîÌ­óã - - 

3 
ìæòÈâøîÃèó - - 
ìæòÈâøîÌ­óã - - 

4 
ìæòÈâøîÃèó - - 
ìæòÈâøîÌ­óã - - 

5 
ìæòÈâøîÃèó - - 
ìæòÈâøîÌ­óã - - 

6 
ìæòÈâøîÃèó - - 
ìæòÈâøîÌ­óã - - 



  39 

7 
ìæòÈâøîÃèó - - 
ìæòÈâøîÌ­óã - - 

8 
ìæòÈâøîÃèó - - 
ìæòÈâøîÌ­óã - - 

9 
ìæòÈâøîÃèó - - 
ìæòÈâøîÌ­óã - - 

10 
ìæòÈâøîÃèó - - 
ìæòÈâøîÌ­óã  - - 

11 
ÜæîÂÂäñëùÚÜæîÂØöć1        
ÃÚóÕ 9mm 

13.60 6.39 

12 
ÜæîÂÂäñëùÚÜæîÂØöć2             
ÃÚóÕ .38 

13.60 3.35 

13 
ÜæîÂÂäñëùÚÜæîÂØöć3              
ÃÚóÕ 9mm 

13.60 4.87 

14 
ÜæîÂÂäñëùÚÜæîÂØöć4             
ÃÚóÕ 9mm 

9.21 7.15 

15 
ÜæîÂÂäñëùÚÜæîÂØöć5             
ÃÚóÕ 9mm 

13.60 1.07 

16 
ÜæîÂÂäñëùÚÜæîÂØöć6 ÃÚóÕ 

9mm 
13.60 6.39 

17 
ÜæîÂÂäñëùÚÜæîÂØöć7 ÃÚóÕ 

.38 
4.82 6.39 

18 
ÜæîÂÂäñëùÚÜæîÂØöć8 ÃÚóÕ 

9mm 
17.98 10.96 

19 
ÜæîÂÂäñëùÚÜæîÂØöć9 ÃÚóÕ 

.22 
123.25 17.81 

20 
ÜæîÂÂäñëùÚÜæîÂØöć10 ÃÚóÕ 

.45 
4.82 5.63 

ìâóãÿìÖù · ăâ¬ëóâóä×èòÕÜäõâóÔăÚÿÖäØìäøîăÚăÖäØ°ăÕ­ 
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 ÉóÂÖóäóÈØöć Ɵ ßÛè¬óØöćÛäõÿèÔÖòèîã¬óÈÿÃâ¬óÕõÚÜøÚÉóÂìæòÈØòĈÈëîÈÃ­óÈăâ¬ëóâóä×èòÕ
äñãñØóÈĀæñÅČóÚèÔÜäõâóÔăÚÿÖäØĀæñăÚăÖäØ°ăÕ­ ÿÚøćîÈÉóÂÛäõÿèÔìæòÈâøîØòĈÈëîÈÃ­óÈÿÂĆÛ
Öòèîã¬óÈîã¬óÈÉóÂÂóäãõÈÜøÚ Ɨ ÚòÕ ØČóĂì­âöÜäõâóÔÿÃâ¬óÕõÚÜøÚÚ­îãăâ¬ÿßöãÈßîÖ¬îÂóäÖäèÉèòÕÜäõâóÔ
ìäøîâöÜäõâóÔÚ­îãÂè¬óÃöÕÉČóÂòÕÂóäÖäèÉèòÕÃîÈîùÜÂäÔ°ÖäèÉèòÕäñãñØóÈĀÛÛÂäñÕóê (µPAD) 
ĂÚë¬èÚÃîÈÜäõâóÔăÚÿÖäØĀæñăÚăÖäØ°ÃîÈÖòèîã¬óÈÜæîÂÂäñëùÚÜøÚëóâóä×ÖäèÉèòÕÜäõâóÔăÕ­
ÿÚøćîÈÉóÂÜæîÂÂäñëùÚÜøÚâöîÈÅ°ÜäñÂîÛìæòÂÃîÈăîîîÚăÚÿÖäØĀæñăÚăÖäØ°îãú¬ÉČóÚèÚâóÂØöć
ÿÂõÕÂóäÉóÂÿÝóăìâ­ÿâøćîâöÂóäãõÈÂäñëùÚÜøÚîîÂăÜĀæñÿÂõÕÉóÂÿÃâ¬óÕõÚÜøÚØöćÿìæøîÉóÂÖÂÅ­óÈìæòÈÉó
ÂóäãõÈ ĀæñÉóÂÖòèîã¬óÈÜæîÂÂäñëùÚÜøÚØòĈÈÿÂøîÛØòĈÈ ƗƖ Öòèîã¬óÈâöÜäõâóÔăÚÿÖäØâóÂÂè¬óÜäõâóÔ
ăÚăÖäØ° 
ÖóäóÈØöć 10 ÜäõâóÔăÚÿÖäØĀæñăÚăÖäØ°ÃîÈÖòèîã¬óÈÿÃâ¬óÕõÚÜõÚāÕãÂóäèõÿÅäóñì°Õ­èãÿÅäøćîÈ IC 
 

æČóÕòÛ Öòèîã¬óÈØöćèõÿÅäóñì° 
ÜäõâóÔăÚÿÖäØ 

(nmol) 
ÜäõâóÔăÚăÖäØ° 

(nmol) 
IC IC 

1 
ìæòÈâøîÃèó 0.14 - 
ìæòÈâøîÌ­óã 0.23 - 

2 
ìæòÈâøîÃèó 0.11 0.0060 
ìæòÈâøîÌ­óã 0.26 0.0390 

3 
ìæòÈâøîÃèó 0.74 - 
ìæòÈâøîÌ­óã 0.20 - 

4 
ìæòÈâøîÃèó 0.49 - 
ìæòÈâøîÌ­óã 0.18 - 

5 
ìæòÈâøîÃèó 0.20 - 
ìæòÈâøîÌ­óã 0.34 - 

6 
ìæòÈâøîÃèó 0.11 - 
ìæòÈâøîÌ­óã 0.18 - 

7 
ìæòÈâøîÃèó 0.12 - 
ìæòÈâøîÌ­óã 0.15 - 

8 ìæòÈâøîÃèó 0.19 - 
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ìæòÈâøîÌ­óã 0.14 - 

9 
ìæòÈâøîÃèó 0.12 - 
ìæòÈâøîÌ­óã 0.09 - 

10 
ìæòÈâøîÃèó 0.10 - 
ìæòÈâøîÌ­óã  0.11 - 

11 
ÜæîÂÂäñëùÚÜæîÂØöć1         
ÃÚóÕ 9mm 

10.66 7.38 

12 
ÜæîÂÂäñëùÚÜæîÂØöć2             
ÃÚóÕ .38 

16.25 7.39 

13 
ÜæîÂÂäñëùÚÜæîÂØöć3             
ÃÚóÕ 9mm 

14.61 5.59 

14 
ÜæîÂÂäñëùÚÜæîÂØöć4             
ÃÚóÕ 9mm 

12.97 6.97 

15 
ÜæîÂÂäñëùÚÜæîÂØöć5 ÃÚóÕ 

9mm 
11.93 4.30 

16 
ÜæîÂÂäñëùÚÜæîÂØöć6             
ÃÚóÕ 9mm 

16.94 7.83 

17 
ÜæîÂÂäñëùÚÜæîÂØöć7             
ÃÚóÕ .38 

4.56 8.36 

18 
ÜæîÂÂäñëùÚÜæîÂØöć8             
ÃÚóÕ 9mm 

22.56 18.41 

19 
ÜæîÂÂäñëùÚÜæîÂØöć9             
ÃÚóÕ .22 

130.07 43.59 

20 
ÜæîÂÂäñëùÚÜæîÂØöć10 ÃÚóÕ 

.45 
14.22 5.50 

ìâóãÿìÖù · ăâ¬ëóâóä×èòÕÜäõâóÔăÚÿÖäØìäøîăÚăÖäØ°ăÕ­ 
 
 ÉóÂÖóäóÈØöć ƗƖ ßÛè¬óÉóÂóäÖäèÉèòÕÜäõâóÔăÚÿÖäØĀæñăÚăÖäØ°ÉóÂÿÅäøćîÈIC ëóâóä×èòÕ
ÜäõâóÔăÚÿÖäØĀæñăÚăÖäØ°ăÕ­Ì÷ćÈÖ¬óÈÉóÂîùÜÂäÔ°ÖäèÉèòÕäñãñØóÈĀÛÛÂäñÕóê (µPAD) 
ÿÚøćîÈÉóÂîùÜÂäÔ°ÖäèÉèòÕĀÛÛÂäñÕóêăâ¬ëóâóä×ÖäèÉèòÕÜäõâóÔÖČćóăÕ­ÿâøćîÿØöãÛÂòÛÿÅäøćîÈ ICĀæñ 
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ÉóÂÖòèîã¬óÈÛäõÿèÔâøîØòĈÈëîÈÃ­óÈĀæñÜæîÂÂäñëùÚÜøÚØòĈÈìâÕ ƘƖ Öòèîã¬óÈâöÜäõâóÔăÚÿÖäØ
âóÂÂè¬óÜäõâóÔăÚăÖäØ° ĀæñāÅäâóāÖĀÂäâÃîÈÖòèîã¬óÈÿÃâ¬óÕõÚÜøÚÉóÂìæòÈâøîĀæñÜæîÂÂäñëùÚ
ÜøÚÕòÈáóßØöć 18 Āæñ ƗƟ 

 
áóßØöć 18 āÅäâóāÖĀÂäâÃîÈëóäæñæóãÖòèîã¬óÈÿÃâ¬óÕõÚÜøÚÉóÂÛäõÿèÔìæòÈâøî 

 
áóßØöć 19 āÅäâóāÖĀÂäâÃîÈëóäæñæóãÖòèîã¬óÈÿÃâ¬óÕõÚÜøÚÉóÂÜæîÂÂäñëùÚÜøÚ 
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4.8 ÝæÂóäØÕëîÛÅèóâĂË­ăÕ­ÃîÈÂóäèõÿÅäóñì°Õ­èãÿÅäøćîÈ Ion chromatography (IC) 
4.8.1 ÝæÂóäØÕëîÛË¬èÈÅèóâÿÜĆÚÿë­ÚÖäÈ (Linearity)  
  ÚČóëóäæñæóãæñæóãÝëâăÚÿÖäØØöćË¬èÈÅèóâÿÃ­âÃ­Ú 10-400 µM ÊöÕëóäæñæóãâóÖäÑóÚ
ăÚÿÖäØÜäõâóÖä Ƙƛ Ĳl ÿÃ­óÿÅäøćîÈ IC ÅèóâÿÃ­âÃ­Úæñ ƙ ÅäòĈÈ ÿßøćîèõÿÅäóñì°ìóßøĈÚØöćĂÖ­ßöÅÃîÈÜäõâóÔ
ëóäæñæóãăÚÿÖäØ ÕòÈÖóäóÈØöć ƗƗ  
ÖóäóÈØöć 11 Å¬óÿÊæöćãßøĈÚØöćĂÖ­ßöÅÃîÈëóäæñæóãâóÖäÑóÚăÚÿÖäØË¬èÈÅèóâÿÃ­âÃ­Ú 10-400 µM 
ÅèóâÿÃ­âÃ­Úëóäæñæóã
âóÖäÑóÚăÚÿÖäØ (µM) 

ÜäõâóÔăÚÿÖäØ 
(nmol) 

Å¬óÿÊæöćãßøĈÚØöćĂÖ­ßöÅ  
(µS*min) 

Å¬óÿÛöćãÈÿÛÚâóÖäÑóÚ 
(SD) 

10 0.25 0.1084 0.0271 
15 0.375 0.1698 0.0188 
30 0.75 0.3184 0.0174 
50 1.25 0.5384 0.0217 
100 2.5 1.0951 0.0069 
200 5 2.1642 0.0197 
400 10 4.0504 0.0110 

  
ÚČóÃ­îâúæØöćăÕ­ÉóÂÖóäóÈØöć ƗƗ ăÜëä­óÈÂäóàÅèóâëòâßòÚÙ°äñìè¬óÈßøĈÚØöćßöÅÃîÈëóäæñæóã

âóÖäÑóÚăÚÿÖäØ (µS*min) ĀæñÜäõâóÔÃîÈăÚÿÖäØ (nmol) ÕòÈáóßØöć 20 Ì÷ćÈâöëâÂóäÿë­ÚÖäÈ
ÿØ¬óÂòÛ  y = 0.4122x Āæñ R2 = 0.9983  

 
áóßØöć 20 ÂäóàÅèóâëòâßòÚÙ°äñìè¬óÈßøĈÚØöćßöÅÃîÈëóäæñæóãâóÖäÑóÚăÚÿÖäØ (µS*min) Āæñ

ÜäõâóÔÃîÈăÚÿÖäØ (nmol) 
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ÚČóëóäæñæóãæñæóãÝëâăÚăÖäØ°ØöćË¬èÈÅèóâÿÃ­âÃ­Ú 1-200 µM ÊöÕëóäæñæóãâóÖäÑóÚ
ăÚÿÖäØÜäõâóÖä Ƙƛ Ĳl ÿÃ­óÿÅäøćîÈ IC ÅèóâÿÃ­âÃ­Úæñ ƙ ÅäòĈÈ ÿßøćîèõÿÅäóñì°ìóßøĈÚØöćĂÖ­ßöÅÃîÈÜäõâóÔ
ëóäæñæóãăÚăÖäØ° ÕòÈÖóäóÈØöć ƗƘ  
ÖóäóÈØöć 12 Å¬óÿÊæöćãßøĈÚØöćĂÖ­ßöÅÃîÈëóäæñæóãâóÖäÑóÚăÚÿÖäØË¬èÈÅèóâÿÃ­âÃ­Ú 10-400 µM 
ÅèóâÿÃ­âÃ­Úëóäæñæóã
âóÖäÑóÚăÚăÖäØ° (µM) 

ÜäõâóÔăÚăÖäØ° 
(nmol) 

Å¬óÿÊæöćãßøĈÚØöćĂÖ­ßöÅ  
(µS*min) 

Å¬óÿÛöćãÈÿÛÚâóÖäÑóÚ 
(SD) 

1 0.025 0.0027 0.0002 
3 0.075 0.0084 0.0007 
5 0.125 0.0143 0.0011 
15 0.375 0.1054 0.0037 
30 0.75 0.2830 0.0041 
100 2.5 0.8960 0.0047 
200 5 1.6285 0.0014 

  
ÚČóÃ­îâúæØöćăÕ­ÉóÂÖóäóÈØöć ƗƘ ăÜëä­óÈÂäóàÅèóâëòâßòÚÙ°äñìè¬óÈßøĈÚØöćßöÅÃîÈëóäæñæóã

âóÖäÑóÚăÚăÚăÖäØ° (µS*min) ĀæñÜäõâóÔÃîÈăÚăÖäØ° (nmol) ÕòÈáóßØöć 21 Ì÷ćÈâöëâÂóäÿë­ÚÖäÈ
ÿØ¬óÂòÛ   y = 0.3327x Āæñ R2 = 0.9966 

 
áóßØöć 21 ÂäóàÅèóâëòâßòÚÙ°äñìè¬óÈßøĈÚØöćßöÅÃîÈëóäæñæóãâóÖäÑóÚăÚÿÖäØ (µS*min) Āæñ

ÜäõâóÔÃîÈăÚÿÖäØ (nmol) 
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4.8.2 ÝæÂóäØÕëîÛÅèóâÉČóÿßóñ (Specificity)  
 ÊöÕëóäæñæóãâóÖäÑóÚÝëâăÚÿÖäØĀæñăÚăÖäØ°ØöćÅèóâÿÃ­âÃ­Ú 200 µM Āæñ 100 µM 
ÖóâæČóÕòÛ ÅèóâÿÃ­âÃ­Úæñ 3 ÅäòĈÈ ÿÃ­óÿÅäøćîÈ IC ÿßøćîØČóÂóäèõÿÅäóñì° ßÛè¬óāÅäâóāÖĀÂäâÃîÈ
ëóäæñæóãâóÖäÑóÚÝëâăÚÿÖäØØöćÅèóâÿÃ­âÃ­Ú 200 µM ĀæñăÚăÖäØ°ØöćÅèóâÿÃ­âÃ­Ú 100 µM 
ĀëÕÈÕòÈāÅäâóāÖĀÂäâáóßØöć 22 

 
áóßØöć 22 āÅäâóāÖĀÂäâÃîÈëóäæñæóãâóÖäÑóÚÝëâăÚÿÖäØØöćÅèóâÿÃ­âÃ­Ú 200 µM ĀæñăÚ

ăÖäØ°ØöćÅèóâÿÃ­âÃ­Ú 100 µM 
 
 ÉóÂāÅäâóāÖĀÂäâÃîÈëóäæñæóãâóÖäÑóÚÝëâăÚÿÖäØØöćÅèóâÿÃ­âÃ­Ú 200 µM ĀæñăÚ
ăÖäØ°ØöćÅèóâÿÃ­âÃ­Ú 100 µM ĀëÕÈĂì­ÿìĆÚè¬óßöÅÃîÈăÚÿÖäØĀæñăÚăÖäØ°îãú¬ĀãÂÂòÚËòÕÿÉÚ āÕãØöć
ßöÅÃîÈăÚăÖäØ°âö Retention time îãú¬Øöć Ƙ.ƘƟƚ ÚóØö ĀæñßöÅÃîÈăÚÿÖäØâö Retention time îãú¬Øöć 
Ƙ.ƟƛƝ ÚóØö ĀæñëóääÛÂèÚ Cl-, PO43- Āæñ SO42- ÝëâÂòÛëóäæñæóãâóÖäÑóÚăÚÿÖäØĀæñăÚ
ăÖäØ° ÿßøćîßõÉóäÔóßöÅØöćîóÉäÛÂèÚÂóäÖäèÉèòÕÜäõâóÔăÚÿÖäØăÚăÖäØ° ÕòÈāÅäâóāÖäĀÂäâáóß
Øöć 23 
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áóßØöć 23 āÅäâóāÖäĀÂäâëóääÛÂèÚÝëâÂòÛëóäæñæóãâóÖäÑóÚăÚÿÖäØĀæñăÚăÖäØ° 

 
ÉóÂāÅäâóāÖĀÂäâëóääÛÂèÚØòĈÈëóâÖòèăÕ­ĀÂ¬ Cl-, PO43- Āæñ SO42- ÝëâÂòÛëóäæñæóã

æñæóãÝëâăÚÿÖäØĀæñăÚăÖäØ° ßÛè¬óßöÅÃîÈëóääÛÂèÚ Cl-, PO43- Āæñ SO42-  âö Retention time 
îãú¬Øöć Ƙ.ƗƙƝ, ƚ.ƚƝƖ Āæñ Ɯ.ƘƙƝ ÚóØöÖóâæČóÕòÛ ĀæñæòÂêÔñßöÅäÛÂèÚØòĈÈëóâÖòèĀãÂîîÂÉóÂßöÅÃîÈ
ăÚÿÖäØĀæñăÚăÖäØ°ËòÕÿÉÚ ĀæñÿâøćîÚČóëóäæñæóãâóÖäÑóÚÝëâăÚăÖäØĀæñăÚăÖäØ°ÝëâÂòÛ
ëóäæñæóãÖòèîã¬óÈÿÃâ¬óÕõÚÜøÚÿßøćîé÷ÂêóÝæäÛÂèÚîøćÚą ĀëÕÈÝæāÅäâóāÖĀÂäâÕòÈáóßØöć Ƙƚ 

 
áóßØöć 24 ëóäæñæóãâóÖäÑóÚÝëâăÚăÖäØĀæñăÚăÖäØ°ÝëâÂòÛëóäæñæóãÖòèîã¬óÈÿÃâ¬óÕõÚÜøÚ 
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 ÉóÂāÅäâóāÖĀÂäâáóßØöć Ƙƚ ĀëÕÈĂì­ÿìĆÚè¬óăâ¬âöÂóäÌ­îÚØòÛÂòÚÃîÈßöÅÃîÈëóäØöć
Ö­îÈÂóäèõÿÅäóñì°ÕòÈÚòĈÚÂóäÖäèÉèòÕÜäõâóÔăÚÿÖäØĀæñăÚăÖäØ°Õ­èãÿÅäøćîÈ IC É÷Èăâ¬×úÂäÛÂèÚ
Õ­èãßöÅîøćÚąÃîÈëóäØöćîãú¬ĂÚÖòèîã¬óÈÿÃâ¬óÕõÚÜøÚ 
 
4.8.3 ÝæÂóäØÕëîÛÅèóâĀâ¬ÚãČó (Precision)  
     ÿâøćîÊöÕëóäæñæóãâóÖäÑóÚÝëâăÚÿÖäØĀæñăÚăÖäØ°ØöćÅèóâÿÃ­âÃ­Ú 50, 100, 200 µM 
Āæñ 30,100,200 µM ÖóâæČóÕòÛ ÅèóâÿÃ­âÃ­Úæñ 3 ÅäòĈÈ ÿÃ­óÿÅäøćîÈ IC ÿßøćîé÷ÂêóÅèóâĀâ¬ÚãČóÃîÈèõÙö
èõÿÅäóñì°āÕãÿÅäøćîÈ IC Õ­èãÂóäèõÿÅäóñì°ĂÚäúÜĀÛÛÅ¬óä­îãæñÿÛöćãÈÿÛÚëòâßòÚÙ° (%RSD) ĀëÕÈÝæ
ÕòÈÖóäóÈØöć 13 Āæñ Ɨƚ 
 

ÖóäóÈØöć 13 ÝæÂóäé÷ÂêóÅèóâĀâ¬ÚãČóÃîÈÂóäèõÿÅäóñì°ëóäæñæóãâóÖäÑóÚăÚÿÖäØÕ­èãÿÅäøćîÈ IC 
 

ÜäõâóÔăÚÿÖäØ 
(nmol) 

ßøĈÚØöćĂÖ­ßöÅÿÊæöćã   
(n=3) 

Å¬óÿÛöćãÈÿÛÚâóÖäÑóÚ 
(SD) 

Å¬óä­îãæñÿÛöćãÈÿÛÚ
ëòâßòØÙ° (%RSD) 

1.25 0.5384 0.0217 4.03 
2.5 1.0951 0.0069 0.63 
5 2.1642 0.0197 0.91 

 

ÖóäóÈØöć 14 ÝæÂóäé÷ÂêóÅèóâĀâ¬ÚãČóÃîÈÂóäèõÿÅäóñì°ëóäæñæóãâóÖäÑóÚăÚăÖäØ°Õ­èãÿÅäøćîÈ IC 
 

ÜäõâóÔăÚăÖäØ° 
(nmol) 

ßøĈÚØöćĂÖ­ßöÅÿÊæöćã   
(n=3) 

Å¬óÿÛöćãÈÿÛÚâóÖäÑóÚ 
(SD) 

Å¬óä­îãæñÿÛöćãÈÿÛÚ
ëòâßòØÙ° (%RSD) 

0.75 0.2830 0.0041 1.46 
2.5 0.8960 0.0047 0.52 
5 1.6285 0.0014 0.08 

 

 ÉóÂÖóäóÈØöć Ɨƙ ßÛè¬óÂóäèõÿÅäóñì°ëóäæñæóãâóÖäÑóÚăÚÿÖäØÕ­èãÿÅäøćîÈ IC Ăì­Å¬ó 
%RSD ĂÚË¬èÈ Ɩ.Ɯƙ-ƚ.Ɩƙ ĀæñÉóÂÖóäóÈØöć Ɨƚ ßÛè¬óÂóäèõÿÅäóñì°ëóäæñæóãâóÖäÑóÚăÚăÖäØ°Õ­èã
ÿÅäøćîÈ IC Ăì­Å¬ó %RSD ĂÚË¬èÈ Ɩ.Ɩƞ-Ɨ.ƚƜ ĀëÕÈĂì­ÿìĆÚè¬óĀëÕÈĂì­ÿìĆÚè¬óÂóäÖäèÉèòÕÜäõâóÔăÚÿÖ
äØĀæñăÚăÖäØ°Õ­èãÿÅäøćîÈ IC âöÅèóâĀâ¬ÚãČóëúÈ 
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4.8.4 ÝæÂóäé÷ÂêóìóÅ¬ó LOD Āæñ LOQ 
 ÿâøćîÊöÕëóäæñæóãÝëâăÚÿÖäØĀæñăÚăÖäØ°ØöćÅèóâÿÃ­âÃ­Ú Ɩ.ƖƖƛ µM Āæñ 0.01 µM 
ÖóâæČóÕòÛ ÅèóâÿÃ­âÃ­Úæñ ƗƖ ÅäòĈÈ ÿÃ­óÿÅäøćîÈ IC ĀæñÚČóßøĈÚØöćßöÅÃîÈăÚÿÖäØĀæñăÚăÖäØ°âó
ÅČóÚèÔìóÅ¬óÿÊæöćã (n=10), Å¬óÿÛöćãÈÿÛÚâóÖäÑóÚ (SD), Å¬ó LOD ĀæñÅ¬ó LOQ ÕòÈÖóäóÈØöć 15 
 
ÖóäóÈØöć 15 ßøĈÚØöćĂÖ­ßöÅÃîÈëóäæñæóãâóÖäÑóÚăÚÿÖäØĀæñăÚăÖäØ°ØöćÅèóâÿÃ­âÃ­Ú Ɩ.ƖƖƛ µM 
Āæñ 0.01 µM 

ÅäòĈÈØöć ßøĈÚØöćĂÖ­ßöÅăÚÿÖäØ (µS*min) ßøĈÚØöćĂÖ­ßöÅăÚăÖäØ° (µS*min) 

1 0.0016 0.0008 
2 0.0006 0.0004 
3 0.0006 0.0007 
4 0.0006 0.0005 
5 0.0010 0.0005 
6 0.0010 0.0006 
7 0.0014 0.0003 
8 0.0008 0.0002 
9 0.0007 0.0003 
10 0.0005 0.0005 
Å¬óÿÊæöćã 0.0009 0.0005 

Å¬óÿÛöćãÈÿÛÚâóÖäÑóÚ 0.0004 0.0002 
LOD 0.0027 0.0017 
LOQ 0.0091 0.0058 

 
 ÉóÖóäóÈØöć Ɨƛ ÝæÂóäÅČóÚèÔÅ¬ó LOD ÃîÈăÚÿÖäØĀæñăÚăÖäØ°âöÅ¬óÿØ¬óÂòÛ Ɩ.ƖƖƘƝ Āæñ 
Ɩ.ƖƖƗƝ ÖóâæČóÕòÛ Å¬ó LOQ ÃîÈăÚÿÖäØĀæñăÚăÖäØ°âöÅ¬óÿØ¬óÂòÛ Ɩ.ƖƖƟƗ Āæñ Ɩ.ƖƖƛƞ ÖóâæČóÕòÛ 
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4.9 ÝæÂóäÿÜäöãÛÿØöãÛÂóäèõÿÅäóñì°ìóÜäõâóÔØòĈÈ Ƙ èõÙö 
ÉóÂÂóäÖäèÉèòÕÜäõâóÔăÚÿÖäØĀæñăÚăÖäØ°ĂÚÖòèîã¬óÈÿÃâ¬óÕõÚÜøÚØòĈÈ ƘƖ Öòèîã¬óÈÕ­èã

îùÜÂäÔ°ÖäèÉèòÕäñãñØóÈĀÛÛÂäñÕóê (µPAD) ØöćăÕ­ØČóÂóäßòÓÚóâóÿÜäöãÛÿØöãÛÕòÈÖóäóÈØöć Ɵ Āæñ 
ƗƖ ßÛè¬óÂóäÖäèÉèòÕÜäõâóÔăÚÿÖäØĀæñăÚăÖäØ°Õ­èã µPAD âöÅ¬óÂóäÖäèÉèòÕÜäõâóÔăÚÿÖäØ
ĀæñăÚăÖäØ°Ú­îãÂè¬óÂóäÖäèÉèòÕÕ­èãÿÅäøćîÈ IC  ÕòÈÖóäóÈØöć ƗƜ ĀæñÚČóÃ­îâúæØöćăÕ­ăÜëä­óÈĀÝÚáúâõ
äúÜáóßÿßøćîÿÜäöãÛÿØöãÛÂóäìóÜäõâóÔăÚÿÖäØĀæñăÚăÖäØ°ÃîÈØòĈÈëîÈèõÙö ÕòÈáóßØöć Ƙƛ Āæñ ƘƜ 
ÖóäóÈØöć 16 ÜäõâóÔăÚÿÖäØĀæñăÚăÖäØ°ØöćèõÿÅäóñìĆÕ­èãîùÜÂäÔ°ÖäèÉèòÕäñãñØóÈĀÛÛÂäñÕóê 
(µPAD)ĀæñÿØÅÚõÅăîîîÚāÅäâóāÖÂäóàö (IC) 
æČóÕò
Û 

Öòèîã¬óÈØöćèõÿÅäóñì° 
ÜäõâóÔăÚăÖäØ° (nmol) ÜäõâóÔăÚÿÖäØ (nmol) 

IC µPAD IC µPAD 

1 
ìæòÈâøîÃèó - - 0.14 - 
ìæòÈâøîÌ­óã - - 0.23 - 

2 
ìæòÈâøîÃèó 0.0060 - 0.11 - 
ìæòÈâøîÌ­óã 0.0390 - 0.26 - 

3 
ìæòÈâøîÃèó - - 0.74 - 
ìæòÈâøîÌ­óã - - 0.20 - 

4 
ìæòÈâøîÃèó - - 0.49 - 
ìæòÈâøîÌ­óã - - 0.18 - 

5 
ìæòÈâøîÃèó - - 0.20 - 
ìæòÈâøîÌ­óã - - 0.34 - 

6 
ìæòÈâøîÃèó - - 0.11 - 
ìæòÈâøîÌ­óã - - 0.18 - 

7 
ìæòÈâøîÃèó - - 0.12 - 
ìæòÈâøîÌ­óã - - 0.15 - 

8 
ìæòÈâøîÃèó - - 0.19 - 
ìæòÈâøîÌ­óã - - 0.14 - 

9 
ìæòÈâøîÃèó - - 0.12 - 
ìæòÈâøîÌ­óã - - 0.09 - 

10 
ìæòÈâøîÃèó - - 0.10 - 
ìæòÈâøîÌ­óã - - 0.11 - 
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11 
ÜæîÂÂäñëùÚÜæîÂØöć1 ÃÚóÕ 

9mm 
7.38 6.39 10.66 13.60 

12 
ÜæîÂÂäñëùÚÜæîÂØöć2 ÃÚóÕ 

.38 
7.39 3.35 16.25 13.60 

13 
ÜæîÂÂäñëùÚÜæîÂØöć3 ÃÚóÕ 

.38 
7.39 3.35 16.25 13.60 

14 
ÜæîÂÂäñëùÚÜæîÂØöć4 ÃÚóÕ 

9mm 
6.97 7.15 12.97 9.21 

15 
ÜæîÂÂäñëùÚÜæîÂØöć5 ÃÚóÕ 

9mm 
4.30 1.07 11.93 13.60 

16 
ÜæîÂÂäñëùÚÜæîÂØöć6 ÃÚóÕ 

9mm 
7.83 6.39 16.94 13.60 

17 
ÜæîÂÂäñëùÚÜæîÂØöć7 ÃÚóÕ 

.38 
8.36 6.39 4.56 4.82 

18 
ÜæîÂÂäñëùÚÜæîÂØöć8 ÃÚóÕ 

9mm 
18.41 10.96 22.56 17.98 

19 
ÜæîÂÂäñëùÚÜæîÂØöć9 ÃÚóÕ 

.22 
43.59 17.81 130.07 123.25 

20 
ÜæîÂÂäñëùÚÜæîÂØöć10 
ÃÚóÕ .45 

5.50 5.63 14.22 4.82 

 
ÉóÂÖóäóÈØöć ƗƜ ßÛè¬óÂóäèòÕÜäõâóÔăÚÿÖäØĀæñăÚăÖäØ°ĂÚÖòèîã¬óÈÿÃâ¬óÕõÚÜøÚÛÚ

îùÜÂäÔ°ÖäèÉèòÕäñãñØóÈăâ¬ëóâóä×ÖäèÉèòÕÜäõâóÔăÚÿÖäØĀæñăÚăÖäØ°ØöćÜäõâóÔÖČćóăÕ­ĂÚ
ÃÔñØöćëóâóä×ÖäèÉèòÕăÕ­Õ­èãÿØÅÚõÅ IC  
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áóßØöć 25 ĀÝÚáúâõĀØ¬ÈĀëÕÈÜäõâóÔăÚÿÖäØ (nmol) ĂÚÖòèîã¬óÈÿÃâ¬óÕõÚÜøÚÉóÂÜæîÂÂäñëùÚÜøÚØöć

ÖäèÉèòÕÕ­èãîùÜÂäÔ°ÖäèÉèòÕäñãñØóÈĀÛÛÂäñÕóêĀæñÿÅäøćîÈ IC 

 
áóßØöć 26 ĀÝÚáúâõĀØ¬ÈĀëÕÈÜäõâóÔăÚăÖäØ° (nmol) ĂÚÖòèîã¬óÈÿÃâ¬óÕõÚÜøÚÉóÂÜæîÂÂäñëùÚÜøÚØöć

ÖäèÉèòÕÕ­èãîùÜÂäÔ°ÖäèÉèòÕäñãñØóÈĀÛÛÂäñÕóêĀæñÿÅäøćîÈ IC 
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ÉóÂáóßØöć Ƙƛ Āæñ ƘƜ ÉñÿìĆÚăÕ­è¬óâöÅ¬óÜäõâóÔăÚÿÖäØĀæñăÚăÖäØ°ÉóÂÖòèîã¬óÈÜæîÂ
ÂäñëùÚÜøÚÿÚøćîÈÉóÂÖòèîã¬óÈÉóÂÛäõÿèÔìæòÈâøîØòĈÈëîÈÃ­óÈÚòĈÚëóâóä×ÖäèÉèòÕÜäõâóÔăÕ­Õ­èã
îùÜÂäÔ°ÖäèÉèòÕäñãñØóÈĀÛÛÂäñÕóêÉ÷Èăâ¬ëóâóä×ØČóâóÿÜäöãÛÿØöãÛÂòÚØòĈÈëîÈèõÙöăÕ­ É÷ÈÚČóÅ¬ó
ÜäõâóÔăÚÿÖäØĀæñăÚăÖäØ°ÃîÈÖòèîã¬óÈÜæîÂÂäñëùÚÜøÚØöćÖäèÉèòÕăÕ­ÉóÂØòĈÈëîÈèõÙöâó
ÿÜäöãÛÿØöãÛÂòÚßÛè¬óë¬èÚĂìÎ¬âöÅ¬óÜäõâóÔăÚÿÖäØĀæñăÚăÖäØ°ĂÂæ­ÿÅöãÈ ÉóÂÚòĈÚÚČóÅ¬óèõÿÅäóñì°ìó
ÜäõâóÔăÚÿÖäØĀæñăÚăÖäØ°ØòĈÈ Ƙ âóĀëÕÈèõÿÅäóñì°ÂóäØÕëîÛëââÖõÑóÚØóÈë×õÖõ āÕãĂË­
āÜäĀÂäâ SPSS ĀÛÛ Paired-Sample  T Test ăÕ­ÝæÕòÈÖóäóÈØöć 17-19 
ÖóäóÈØöć 17 Paired Samples Statistics 

Paired Samples Statistics 
 Mean N Std. Deviation Std. Error Mean 

Pair 1 IC NO2- 11.5320 10 11.91633 3.76827 

PAD NO2
- 7.0010 10 4.57745 1.44752 

Pair 2 PAD NO3
- 22.8080 10 35.54009 11.23876 

IC NO3- 25.477 10 37.0406 11.7133 

 
ÖóäóÈØöć 18 Paired Samples Correlations 

Paired Samples Correlations 
 N Correlation Sig. 
Pair 1 IC NO2- & PAD NO2

- 10 .934 .000 

Pair 2 PAD NO3
- & IC NO3

- 10 .995 .000 
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ÖóäóÈØöć 19 Paired Differences (T-Test) 

 

Paired Differences 

t df 
Sig. 
(2-

tailed) Mean 
Std. 

Deviatio
n 

Std. 
Error 
Mean 

95% Confidence 
Interval of the 
Difference 

Lower Upper 

Pair 
1 

4.531 7.810 2.469 -1.056 10.118 1.834 9 .100 

Pair 
2 

-2.669 3.792 1.199 -5.382 .044 -2.225 9 .053 

 
ÉóÂÝæÂóäèõÿÅäóñì°Õ­èãāÜäĀÂäâ SPSS Åú¬Øöć Ɨ 
ÂóäèõÿÅäóñì°ÿÃâ¬óÕõÚÜøÚÃîÈÜäõâóÔăÚăÖäØ°ÉóÂØòĈÈëîÈÂóäèõÿÅäóñì° (Pair  1 IC NO2- & PAD 
NO2-) 
ÂČóìÚÕ Ĳ1 ĀØÚ ÂóäèõÿÅäóñì°ÿÃâ¬óÕõÚÜøÚÕ­èãîùÜÂäÔ°ÂóäÖäèÉèòÕĀÛÛÂäñÕóê (µPAD) 
 Ĳ2 ĀØÚ ÂóäèõÿÅäóñì°ÿÃâ¬óÕõÚÜøÚÕ­èãÿÅäøćîÈ Ion chromatography (IC) 
ëââÖõÑóÚÿËõÈë×õÖõ 
H0 : Ĳ1 = Ĳ2  (ÂóäèõÿÅäóñì°ìóÜäõâóÔăÚăÖäØ°Õ­èã µPAD ăâ¬ĀÖÂÖ¬óÈÉóÂÂóäèõÿÅäóñì°Õ­èãÿÅäøćîÈ 
IC) 
H0 : Ĳ1 Í Ĳ2  (ÂóäèõÿÅäóñì°ìóÜäõâóÔăÚăÖäØ°Õ­èã µPAD ĀÖÂÖ¬óÈÉóÂÂóäèõÿÅäóñì°Õ­èãÿÅäøćîÈ IC) 
 ÉóÂÝæÂóäèõÿÅäóñì°ÕòÈÖóäóÈØöć ëóâóä×èõÿÅäóñì°ăÕ­è¬óÅ¬ó t 1.834 ĀæñÅ¬ó Sig. 0.100 Ì÷ćÈâöÅ¬ó
âóÂÂè¬ó Ɩ.Ɩƛ ĀëÕÈè¬óãîâäòÛ H0 ÚòĈÚÅøîãîâäòÛ H0 : Ĳ1 = Ĳ2  ìäøîÂóäèõÿÅäóñì°ìóÜäõâóÔăÚăÖäØ°
Õ­èã µPAD ăâ¬ĀÖÂÖ¬óÈÉóÂÂóäèõÿÅäóñì°Õ­èãÿÅäøćîÈ IC ØöćäñÕòÛÚòãëČóÅòÎîãú¬ Ɩ.Ɩƛ āÕãØöćÂóäèõÿÅäóñì°
ÿÃâ¬óÕõÚÜøÚÃîÈÜäõâóÔăÚăÖäØ°ÉóÂØòĈÈëîÈÂóäèõÿÅäóñì°âöÅ¬ó Correlation (r) ÿØ¬óÂòÛ Ɩ.Ɵƙƚ 
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ÉóÂÝæÂóäèõÿÅäóñì°Õ­èãāÜäĀÂäâ SPSS Åú¬Øöć 2  
ÂóäèõÿÅäóñì°ÿÃâ¬óÕõÚÜøÚÃîÈÜäõâóÔăÚÿÖäØÉóÂØòĈÈëîÈÂóäèõÿÅäóñì° (Pair  1 IC NO3- & PAD 
NO3-) 
ÂČóìÚÕ Ĳ1 ĀØÚ ÂóäèõÿÅäóñì°ÿÃâ¬óÕõÚÜøÚÕ­èãîùÜÂäÔ°ÂóäÖäèÉèòÕĀÛÛÂäñÕóê (µPAD) 
 Ĳ2 ĀØÚ ÂóäèõÿÅäóñì°ÿÃâ¬óÕõÚÜøÚÕ­èãÿÅäøćîÈ Ion chromatography (IC) 
ëââÖõÑóÚÿËõÈë×õÖõ 
H0 : Ĳ1 = Ĳ2  (ÂóäèõÿÅäóñì°ìóÜäõâóÔăÚÿÖäØÕ­èã µPAD ăâ¬ĀÖÂÖ¬óÈÉóÂÂóäèõÿÅäóñì°Õ­èãÿÅäøćîÈ 
IC) 
H0 : Ĳ1 Í Ĳ2  (ÂóäèõÿÅäóñì°ìóÜäõâóÔăÚÿÖäØÕ­èã µPAD ĀÖÂÖ¬óÈÉóÂÂóäèõÿÅäóñì°Õ­èãÿÅäøćîÈ IC) 
 ÉóÂÝæÂóäèõÿÅäóñì°ÕòÈÖóäóÈØöć ëóâóä×èõÿÅäóñì°ăÕ­è¬óÅ¬ó t -2.225 ĀæñÅ¬ó Sig. 0.053 Ì÷ćÈâö
Å¬óâóÂÂè¬ó Ɩ.Ɩƛ ĀëÕÈè¬óãîâäòÛ H0 ÚòĈÚÅøîãîâäòÛ H0 : Ĳ1 = Ĳ2  ìäøîÂóäèõÿÅäóñì°ìóÜäõâóÔăÚÿÖ
äØÕ­èã µPAD ăâ¬ĀÖÂÖ¬óÈÉóÂÂóäèõÿÅäóñì°Õ­èãÿÅäøćîÈ IC ØöćäñÕòÛÚòãëČóÅòÎîãú¬ Ɩ.Ɩƛ āÕãØöćÂóä
èõÿÅäóñì°ÿÃâ¬óÕõÚÜøÚÃîÈÜäõâóÔăÚăÖäØ°ÉóÂØòĈÈëîÈÂóäèõÿÅäóñì°âöÅ¬ó Correlation (r) ÿØ¬óÂòÛ Ɩ.ƟƟƛ 
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ÛØØöć ƛ 
ëäùÜ îáõÜäóãÝæĀæñÃ­îÿëÚîĀÚñ 

 
5.1 ëäùÜ 
 ÈóÚèõÉòãÚöĈăÕ­ëä­óÈîùÜÂäÔ°ÖäèÉèòÕĀÛÛÂäñÂóäÕóêĀæñßòÓÚóîùÜÂäÔ°ÖäèÉèòÕÿßøćîèòÕ
äñãñØóÈÃîÈÂóäÖäèÉèòÕÜäõâóÔăÚÿÖäØĀæñăÚăÖäØ°ĂÚÿÃâ¬óÕõÚÜøÚ āÕãÿæøîÂÿØÅÚõÅÂóäëÂäöÚ
ÃöĈÝ÷ĈÈĂÚÂóäëä­óÈßøĈÚØöćØöćăâ¬ËîÛÚČĈó āÕãâöÂóäîîÂĀÛÛîùÜÂäÔ°ÖäèÉèòÕØöćĀÖÂÖ¬óÈÂòÚØòĈÈìâÕ ƗƘ 
äúÜĀÛÛĀæñØČóÂóäØÕëîÛîùÜÂäÔ°ÖäèÉèòÕĂÚäúÜĀÛÛÖ¬óÈą ÿßøćîĂì­ăÕ­äúÜĀÛÛØöćÿìâóñëâØöćëùÕ
ëČóìäòÛÈóÚèõÉòãÚöĈîùÜÂäÔ°ÖäèÉèòÕĀÛÛÂäñÕóêÚòĈÚßÂßóëñÕèÂ äóÅóăâ¬ĀßÈ âöÅèóâäèÕÿäĆè ĂË­
Āæ­èØõĈÈĀæñìæòÈÉóÂÜäñÂîÛÿëäĆÉĀæ­èăâ¬Ö­îÈĂË­îùÜÂäÔ°ØöćÌòÛÌ­îÚìäøîÛùÅæóÂäÿÊßóñØóÈĂÚÂóä 
èòÕÌ÷ćÈØČóĂì­ÿÜĆÚÿÅäøćîÈâøîØöćÚ¬óëÚĂÉØöćÉñĂË­ĂÚÂóäèõÿÅäóñì°ĂÚë×óÚØöćØöćÿÃ­ó×÷ÈãóÂĀæñÃóÕĀÅæÚ 
îùÜÂäÔ°ĂÚÂóäÖäèÉèòÕ   
 ÉóÂÂóäé÷ÂêóëáóèñØöćÿìâóñëâĂÚÂóäëä­óÈîùÜÂäÔ°ÖäèÉèòÕäñãñØóÈĀÛÛÂäñÕóêØöć 
îóéòãÜÐõÂõäõãó Griess reaction ĂÚÂóäÖäèÉèòÕÜäõâóÔăÚÿÖäØĀæñăÚăÖäØ°ăÕ­ØČóÂóäÅòÕÿæøîÂÂäñ
ÂäîÈ Schleicher & Schüll Rundfilter 5893 Blue ribbon ĂË­ÃöĈÝ÷ĈÈĂÚÂóäëÂäöÚĂÚË¬èÈ 0.2000-
0.2200g ĀæñëóäæñæóãØöćĂË­ĂÚÂóäÖäèÉèòÕØòĈÈìâÕĂË­ØöćÜäõâóÖä Ƙ Ĳl ÿâøćîăÕ­îùÜÂäÔ°ÖäèÉèòÕØöć
ßä­îâĂË­ÈóÚĀæ­èëóâóä×èòÕäñãñØóÈÿâøćîØČóÜÐõÂõäõãóÿÂõÕëöËâßúĀÕÈăÕ­Øöćÿèæó ƗƖ ÚóØö ÉóÂÃ­îâúæ
ÿÛøĈîÈÖ­ÚëîÕÅæ­îÈÂòÛÝæÉóÂèõÉòãÃîÈ Thongkam, T. ĀæñÅÔñ ĂÚÂóäëä­óÈîùÜÂäÔ°ÖäèÉèòÕĀÛÛ
ÂäñÕóêāÕãĂË­ÿØÅÚõÅÂóäëÂäöÚÃöĈÝ÷ĈÈ ĂÚÂóäèõÿÅäóñì°ìóÜäõâóÔăÚÿÖäØĀæñăÚăÖäØ°āÕãîóéòã
ÜÐõÂõäõãó Griess reaction ëîÕÅæ­îÈÂòÛÝæÉóÂèõÉòãÃîÈ Francisca T.S.M. Ferreira ĀæñÅÔñ  

ÉóÂÂóäé÷ÂêóØÕëîÛÅèóâĂË­ăÕ­ÃîÈîùÜÂäÔ°ÖäèÉèòÕäñãñØóÈĀÛÛÂäñÕóê ëČóìäòÛÂóä
ÖäèÉèòÕÜäõâóÔăÚÿÖäØĀæñăÚăÖäØ°ßÛè¬óÂäóàëâÂóäÿë­ÚÖäÈÃîÈăÚÿÖäØâöÅèóâÿÜĆÚÿë­ÚÖäÈ
ĂÚË¬èÈ ƗƖ-50 mM (20-100 nmol) âöÅ¬ó R2 = 0.9983 ĀæñÅèóâÿÃ­âÃîÈăÚÿÖäØØöć Ɨ.Ƙƛ, Ƙ.ƛ Āæñ ƛ 
nmol âöÅèóâĀâ¬ÚãČóĂÚÂóäÖäèÉèòÕØöćäóãÈóÚÿÜĆÚÅ¬ó %RSD ÿØ¬óÂòÛ ƚ.Ɩƙ, Ɩ.Ɯƙ Āæñ Ɩ.ƟƗ ÖóâæČóÕòÛ 
ëČóìäòÛÂäóàëâÂóäÿë­ÚÖäÈÃîÈăÚăÖäØ°âöÅèóâÿÜĆÚÿë­ÚÖäÈĂÚË¬èÈ Ƙ-10 mM (4-20 nmol) âöÅ¬ó R2 
= 0.9966 ĀæñÅèóâÿÃ­âÃîÈăÚÿÖäØØöć Ɩ.Ɲƛ, Ƙ.ƛ Āæñ ƛ nmol âöÅèóâĀâ¬ÚãČóĂÚÂóäÖäèÉèòÕØöć
äóãÈóÚÿÜĆÚÅ¬ó %RSD ÿØ¬óÂòÛ Ɨ.ƚƜ, Ɩ.ƛƘ Āæñ Ɩ.Ɩƞ ÖóâæČóÕòÛ 

ÿâøćîÚČóÝæÂóäèõÿÅäóñì°ÂóäÖäèÉèòÕÜäõâóÔăÚÿÖäØĀæñăÚăÖäØ°ĂÚÿÃâ¬óÕõÚÜøÚÃîÈÜæîÂ
ÂäñëùÚÜøÚâóÿÜäöãÛÿØöãÛÂòÚäñìè¬óÈîùÜÂäÔ°ÖäèÉèòÕĀÛÛÂäñÕóêÂòÛèõÙöâóÖäÑóÚÕ­èãÿÅäøćîÈ IC 
ĀæñÚČóÃ­îâúæØöćăÕ­âóèõÿÅäóñì°Õ­èãÂóäÅČóÚèÔØóÈë×õÖõāÕãĂË­āÜäĀÂäâ SPSS ĀÛÛ Paired · 
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Sample T Test Ì÷ćÈÝæØöćăÕ­ÉóÂÅČóÚèÔÅú¬Øöć Ɨ ìäøî Åú¬ÂóäèõÿÅäóñì°ìóÜäõâóÔăÚăÖäØ°äñìè¬óÈîùÜÂäÔ°
ÂóäÖäèÉèòÕĀÛÛÂäñÕóêĀæñÿÅäøćîÈIC âöÅ¬ó P · valve ÿØ¬óÂòÛ Ɩ.ƗƖƖ âóÂÂè¬óÅ¬ó ɻ Ɩ.Ɩƛ ĀëÕÈĂì­
ÿìĆÚè¬óÂóäèõÿÅäóñì°ìóÜäõâóÔăÚăÖäØ°Õ­èã µPAD ăâ¬ĀÖÂÖ¬óÈÉóÂÂóäèõÿÅäóñì°Õ­èãÿÅäøćîÈ IC Øöć
äñÕòÛÚòãëČóÅòÎîãú¬ Ɩ.Ɩƛ ÅČóÚèÔÅú¬Øöć Ƙ ìäøî Åú¬ÂóäèõÿÅäóñì°ìóÜäõâóÔăÚÿÖäØäñìè¬óÈîùÜÂäÔ°Âóä
ÖäèÉèòÕĀÛÛÂäñÕóêĀæñÿÅäøćîÈIC âöÅ¬ó P · valve ÿØ¬óÂòÛ Ɩ.Ɩƛƙ âóÂÂè¬óÅ¬ó ɻ Ɩ.Ɩƛ ĀëÕÈĂì­ÿìĆÚè¬ó
ÂóäèõÿÅäóñì°ìóÜäõâóÔăÚÿÖäØÕ­èã µPAD ăâ¬ĀÖÂÖ¬óÈÉóÂÂóäèõÿÅäóñì°Õ­èãÿÅäøćîÈ IC ØöćäñÕòÛ
ÚòãëČóÅòÎîãú¬ Ɩ.Ɩƛ ĀæñÅ¬óëòâÜäñëõØÙõċëâëòâßòÚÙ° (r) ÃîÈÜäõâóÔăÚÿÖäØĀæñăÚăÖäØ°âöÅ¬óÿØ¬óÂòÛ 
0.995 Āæñ Ɩ.934 ÖóâæČóÕòÛ Ì÷ćÈÅ¬ó r ÿÃ­óĂÂæ­ Ɨ ÕòÈÚòĈÚÂóäÖäèÉèòÕÜäõâóÔăÚÿÖäØĀæñăÚăÖäØ°ÃîÈ
ØòĈÈëîÈèõÙöÂóäèõÿÅäóñì°âöÅèóâĂÂæ­ÿÅöãÈÂòÚĀæñâöÅèóâëòâßòÚÙ°ØöćÕö ĀæñÂóäÖäèÉèòÕÜäõâóÔăÚÿÖäØ
ĀæñăÚăÖäØ°ÛÚîùÜÂäÔ°ÖäèÉèòÕĀÛÛÂäñÕóêÉñâöÅ¬óÚ­îãÂè¬óÜäõâóÔÂóäÖäèÉèòÕÕ­èãÿÅäøćîÈ IC 
ÿæĆÂÚ­îã Ì÷ćÈëîÕÅæ­îÈÂòÛÈóÚèõÉòãÃîÈîäîùêó (îäîùêó, 2562) ĂÚÂóäÿÜäöãÛÿØöãÛÝæÂóäèõÿÅäóñì°
ÃîÈîùÜÂäÔ°ÖäèÉèòÕĀÛÛÂäñÕóêÂòÛÿÅäøćîÈ IC ßÛè¬óâöÜäñëõØÙ°áóßĂÂæ­ÿÅöãÈÂòÚ×÷ÈĀâ­è¬óÉñÅ¬óØöć
ÉóÂÂóäÖäèÉèòÕÉñâöÅèóâÖ¬óÈÂòÚĀÖ¬âöÅèóâĂÂæ­ÿÅöãÈÂòÚâóÂØČóĂì­îùÜÂäÔ°ÖäèÉèòÕĀÛÛÂäñÕóêØöć
ßòÓÚóĂÚÈóÚèõÉòãÚöĈëóâóä×èõÿÅäóñì°ÜäõâóÔăÚÿÖäØĀæñăÚăÖäØ°ĂÚÿÃâ¬óÕõÚÜøÚăÕ­ÉäõÈĂÚÈóÚ
áóÅëÚóâ 

 
5.2 îáõÜäóãÝæ 

ÈóÚèõÉòãÚöĈÿÜĆÚèõÉòãØöćëä­óÈîùÜÂäÔ°ÂóäèòÕÖäèÉäñãñØóÈĀÛÛÂäñÕóêÿîìóÜäõâóÖäăÚÿÖäØ
ĀæñăÚăÖäØ°ĂÚÖòèîã¬óÈÿÃâ¬óÕõÚÜøÚ Ì÷ćÈØČóĂì­ëóâóä×ÂóäÖäèÉèõÿÅäóñì°ÿÃâ¬óÕõÚÜøÚÉóÂâøîÝú­Ö­îÈ
ëÈëòãĀæñÜæîÂÂäñëùÚÜøÚÿßøćîâóĂË­ãøÚãòÚÝú­ÂäñØČóÝõÕāÕãĂË­ìæòÂÂóäØóÕ­óÚÚõÖõèõãóéóëÖä°âóË¬èã
ĂÚÂäñÛèÚÂóäëøÛëèÚëîÛëèÚ ÿÚøćîÈÉóÂßãóÚìæòÂÑóÚØóÈèõØãóéóëÖä°ÿÜĆÚëõćÈØöćÚ¬óÿËøćî×øîĀæñ
ÿÜĆÚØöćãîâäòÛĂÚÂäñÛèÚÂóäãùÖõÙääâĀæñëóâóä×ÚČóăÜĂË­ĂÚÂóäßõÉóäÔóÅÕöĂÚËòĈÚéóæăÕ­ ÉóÂÂóä
ØÕæîÈßÛè¬óÂóäÖäèÉèòÕÜäõâóÔăÚăÖäØĀæñăÚăÖäØ°ÛÚîùÜÂäÔ°ÖäèÉèòÕäñãñØóÈĀÛÛÂäñÕóê
ÿâøćîÚČóè¬óÅČóÚèÔìóÜäõâóÔÉóÂëâÂóäÿë­ÚÖäÈßÛè¬óÜäõâóÔØöćăÕ­ÚòĈÚâöÅ¬óĂÂæ­ÿÅöãÈÂòÛÂóäÖäèÉèòÕ
Õ­èãèõÙöâóÖäÑóÚÕ­èãÿÅäøćîÈ IC  

 
5.3 Ã­îÿëÚîĀÚñ 

Ɨ.é÷ÂêóÖòèîã¬óÈÖòèîã¬óÈÿÃâ¬óÕõÚÜøÚÿßõćâÿÖõâĂÚÂóäãõÈÜøÚâóÂÂè¬ó Ɨ ÚòÕĀæ­èÅ¬îãØČóÂóäÿÂĆÛ
Öòèîã¬óÈ 

Ƙ.é÷ÂêóÖòèîã¬óÈÿÃâ¬óÕõÚÜøÚØöćÿÂĆÛÖòèîã¬óÈÛÚßøĈÚÝõèîøćÚąÚîÂÿìÚøîÉóÂÛäõÿèÔâøî 
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ƙ.é÷ÂêóîùÜÂäÔ°ÖäèÉèòÕĀÛÛÂäñÕóêĂÚëáóèñĀèÕæ­îâÖ¬óÈą ÿßøćîÕúÅèóâÿë×öãäÃîÈ
îùÜÂäÔ°  

ƚ.é÷ÂêóÖòèäöÕõèÌ°ăîîîÚăÚÿÖäØÿÜĆÚăÚăÖäØ°ÖòèîøćÚą ÿÚøćîÈÉóÂÝÈ Zn ăÜÃòÕÃèóÈÂóä
ÿÕõÚØóÈÃîÈëöĀæñëóäæñæóã
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ÖóäóÈØöć 20  ßøĈÚØöćĂÖ­ßöÅÃîÈëóäæñæóãâóÖäÑóÚăÚÿÖäØË¬èÈÅèóâÿÃ­âÃ­Ú Ɩ.ƖƖƛ-400 ĲM 

ÅèóâÿÃ­âÃ­Ú (µM) 
ßøĈÚØöćĂÖ­ßöÅăÚÿÖäØ (µS*min) 

1 2 3 Å¬óÿÊæöćã SD 
0.005 0.0016 0.0006 0.0006 0.0009 0.0006 
10 0.1003 0.0863 0.1386 0.1084 0.0271 
15 0.1900 0.1527 0.1668 0.1698 0.0188 
30 0.2992 0.3333 0.3226 0.3184 0.0174 
50 0.5630 0.5301 0.5220 0.5384 0.0217 
100 1.0829 1.0925 1.0963 1.0906 0.0069 
200 2.1864 2.1486 2.1577 2.1642 0.0197 
400 4.0537 4.0381 4.0594 4.0504 0.0110 

 

ÖóäóÈØöć 21  ßøĈÚØöćĂÖ­ßöÅÃîÈëóäæñæóãâóÖäÑóÚăÚăÖäØ°Ë¬èÈÅèóâÿÃ­âÃ­Ú Ɩ.ƖƗ-200 ĲM 

ÅèóâÿÃ­âÃ­Ú (µM) 
ßøĈÚØöćĂÖ­ßöÅăÚăÖäØ° (µS*min) 

1 2 3 Å¬óÿÊæöćã SD 
0.01 0.0007 0.0004 0.0005 0.0005 0.0002 
1 0.0029 0.0025 0.0028 0.0027 0.0002 
3 0.0091 0.0084 0.0078 0.0084 0.0007 
5 0.0136 0.0155 0.0136 0.0142 0.0011 
15 0.1077 0.1011 0.1073 0.1054 0.0037 
30 0.2780 0.2835 0.2869 0.2828 0.0045 
100 0.8909 0.8972 0.9000 0.8960 0.0047 
200 1.6274 1.6300 1.6280 1.6285 0.0014 
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ÖóäóÈØöć 22 ßøĈÚØöćĂÖ­ßöÅăÚÿÖäØÃîÈëóäæñæóãÖòèîã¬óÈÿÃâ¬óÕõÚÜøÚÉóÂÛäõÿèÔìæòÈâøîĀæñÜæîÂ
ÂäñëùÚÜøÚ 

æČóÕòÛ Öòèîã¬óÈØöćèõÿÅäóñì° 
ßøĈÚØöćĂÖ­ßöÅăÚÿÖäØ (µS*min) 

1 2 3 Å¬óÿÊæöćã SD 

1 
blank 0.004 0.0034 0.0037 0.0037 0.0003 
ìæòÈâøîÃèó 0.0107 0.006 0.0122 0.009633 0.003235 
ìæòÈâøîÌ­óã 0.0125 0.0135 0.0131 0.013033 0.000503 

2 
blank 0.0038 0.0040 0.0030 0.0036 0.0005 
ìæòÈâøîÃèó 0.0088 0.0086 0.0073 0.0082 0.0008 
ìæòÈâøîÌ­óã 0.0142 0.0135 0.0148 0.0142 0.0007 

3 
blank 0.0041 0.0051 0.0063 0.0052 0.0011 
ìæòÈâøîÃèó 0.0362 0.0348 0.0361 0.0357 0.0008 
ìæòÈâøîÌ­óã 0.0145 0.0129 0.0127 0.0134 0.0010 

4 
blank 0.0077 0.003 0.0032 0.0046 0.0027 
ìæòÈâøîÃèó 0.0276 0.0234 0.024 0.0250 0.0023 
ìæòÈâøîÌ­óã 0.0161 0.0128 0.0073 0.0121 0.0044 

5 
blank 0.0046 0.0034 0.0042 0.0041 0.0006 
ìæòÈâøîÃèó 0.0131 0.0118 0.0121 0.0123 0.0007 
ìæòÈâøîÌ­óã 0.0231 0.016 0.0156 0.0182 0.0042 

6 
blank 0.0079 0.0056 0.0075 0.0070 0.0012 
ìæòÈâøîÃèó 0.0121 0.0126 0.0102 0.0116 0.0013 
ìæòÈâøîÌ­óã 0.0158 0.0144 0.0136 0.0146 0.0011 

7 
blank 0.0064 0.006 0.0068 0.0064 0.0004 
ìæòÈâøîÃèó 0.0126 0.0111 0.0101 0.0113 0.0013 
ìæòÈâøîÌ­óã 0.0176 0.0097 0.0099 0.0124 0.0045 

8 
blank 0.0066 0.0054 0.0054 0.0058 0.0007 
ìæòÈâøîÃèó 0.0139 0.0131 0.0136 0.0135 0.0004 
ìæòÈâøîÌ­óã 0.0108 0.01 0.0144 0.0117 0.0023 

9 blank 0.0051 0.0047 0.0032 0.0043 0.0010 
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ìæòÈâøîÃèó 0.0145 0.0093 0.0035 0.0091 0.0055 
ìæòÈâøîÌ­óã 0.0039 0.0084 0.0125 0.0083 0.0043 

10 
blank 0.0054 0.0061 0.0061 0.0059 0.0004 
ìæòÈâøîÃèó 0.0105 0.0111 0.009 0.0102 0.0011 
ìæòÈâøîÌ­óã 0.0184 0.0123 0.00109 0.0106 0.0088 

11 
ÜæîÂÂäñëùÚÜæîÂØöć1 
ÃÚóÕ 9mm 

1.5148 0.5752 0.5107 0.8669 0.5620 

12 
ÜæîÂÂäñëùÚÜæîÂØöć2 
ÃÚóÕ .38 

1.3072 1.299 1.3583 1.3215 0.0321 

13 
ÜæîÂÂäñëùÚÜæîÂØöć3 
ÃÚóÕ 9mm 

1.1911 1.1873 1.1868 1.1884 0.0024 

14 
ÜæîÂÂäñëùÚÜæîÂØöć4 
ÃÚóÕ 9mm 

1.0532 1.053 1.0583 1.0548 0.0030 

15 
ÜæîÂÂäñëùÚÜæîÂØöć5 
ÃÚóÕ 9mm 

0.9658 0.9669 0.9789 0.9705 0.0073 

16 
ÜæîÂÂäñëùÚÜæîÂØöć6 
ÃÚóÕ 9mm 

1.4056 1.3772 1.393 1.3919 0.0142 

17 
ÜæîÂÂäñëùÚÜæîÂØöć7 
ÃÚóÕ .38 

0.18 0.1855 0.2169 0.1941 0.0199 

18 
ÜæîÂÂäñëùÚÜæîÂØöć8 
ÃÚóÕ 9mm 

1.8347 1.8147 1.8304 1.8266 0.0105 
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19 
ÜæîÂÂäñëùÚÜæîÂØöć9 
ÃÚóÕ .22 

10.577 10.5376 10.5653 10.5600 0.0202 

20 
ÜæîÂÂäñëùÚÜæîÂØöć10 
ÃÚóÕ .45 

1.1564 1.1754 1.1822 1.1713 0.0134 

 

ÖóäóÈØöć 23 ÅČóÚèÔÜäõâóÔăÚÿÖäØÃîÈëóäæñæóãÖòèîã¬óÈÿÃâ¬óÕõÚÜøÚÉóÂÛäõÿèÔìæòÈâøîĀæñ
ÜæîÂÂäñëùÚÜøÚ 

æČóÕòÛ Öòèîã¬óÈØöćèõÿÅäóñì° 
ßøĈÚØöćĂÖ­ßöÅăÚÿÖäØ 

(µS*min) 
 *ìòÂæÛblank 

ÜäõâóÔăÚÿÖäØ
(nmol)        

*ÅČóÚèÔÉóÂ        
 y = 0.4122 

ÜäõâóÔăÚÿÖäØ
(nmol)  

*non dilution 

1 
ìæòÈâøîÃèó 0.0059 0.0143 0.1431 
ìæòÈâøîÌ­óã 0.0093 0.0226 0.2256 

2 
ìæòÈâøîÃèó 0.0046 0.0112 0.1116 
ìæòÈâøîÌ­óã 0.0106 0.0257 0.2572 

3 
ìæòÈâøîÃèó 0.0305 0.0741 0.7407 
ìæòÈâøîÌ­óã 0.0082 0.0199 0.1989 

4 
ìæòÈâøîÃèó 0.0204 0.0495 0.4949 
ìæòÈâøîÌ­óã 0.0074 0.0180 0.1795 

5 
ìæòÈâøîÃèó 0.0083 0.0201 0.2014 
ìæòÈâøîÌ­óã 0.0142 0.0344 0.3445 

6 
ìæòÈâøîÃèó 0.0046 0.0112 0.1116 
ìæòÈâøîÌ­óã 0.0076 0.0184 0.1844 

7 
ìæòÈâøîÃèó 0.0049 0.0119 0.1189 
ìæòÈâøîÌ­óã 0.006 0.0146 0.1456 

8 ìæòÈâøîÃèó 0.0077 0.0187 0.1868 
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ìæòÈâøîÌ­óã 0.0059 0.0143 0.1431 

9 
ìæòÈâøîÃèó 0.0048 0.0116 0.1164 
ìæòÈâøîÌ­óã 0.0039 0.0095 0.0946 

10 
ìæòÈâøîÃèó 0.0043 0.0104 0.1043 
ìæòÈâøîÌ­óã 0.0047 0.0114 0.1140 

 
11 

 
ÜæîÂÂäñëùÚÜæîÂØöć

1 ÃÚóÕ 9mm 

 
0.8669 

 
2.1321 

 
10.6604 

12 
ÜæîÂÂäñëùÚÜæîÂØöć

2 ÃÚóÕ .38 
1.3215 3.2501 16.2506 

13 
ÜæîÂÂäñëùÚÜæîÂØöć

3 ÃÚóÕ 9mm 
1.1884 2.9228 14.6139 

14 
ÜæîÂÂäñëùÚÜæîÂØöć

4 ÃÚóÕ 9mm 
1.0548 2.5943 12.9714 

15 
ÜæîÂÂäñëùÚÜæîÂØöć

5 ÃÚóÕ 9mm 
0.9705 2.3869 11.9347 

16 
ÜæîÂÂäñëùÚÜæîÂØöć

6 ÃÚóÕ 9mm 
1.3772 3.3871 16.9356 

17 
ÜæîÂÂäñëùÚÜæîÂØöć

7 ÃÚóÕ .38 
0.1855 0.4562 4.5622 

18 
ÜæîÂÂäñëùÚÜæîÂØöć

8 ÃÚóÕ 9mm 
1.8347 4.5123 22.5615 
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19 
ÜæîÂÂäñëùÚÜæîÂØöć

9 ÃÚóÕ .22 
10.577 26.0133 130.0664 

20 
ÜæîÂÂäñëùÚÜæîÂØöć

10 ÃÚóÕ .45 
1.1564 2.8441 14.2204 

 

ÖóäóÈØöć 24 ßøĈÚØöćĂÖ­ßöÅăÚăÖäØ°ÃîÈëóäæñæóãÖòèîã¬óÈÿÃâ¬óÕõÚÜøÚÉóÂÛäõÿèÔìæòÈâøîĀæñÜæîÂ
ÂäñëùÚÜøÚ 

æČóÕòÛ Öòèîã¬óÈØöćèõÿÅäóñì° 
ßøĈÚØöćĂÖ­ßöÅăÚăÖäØ° (µS*min) 

1 2 3 Å¬óÿÊæöćã SD 

1 
blank 0.0001 0.0001 0.0002 0.0001 0.0001 
ìæòÈâøîÃèó - - - - - 
ìæòÈâøîÌ­óã - - - - - 

2 
blank 0.0003 0.0003 0.0005 0.0004 0.0001 
ìæòÈâøîÃèó 0.0010 0.0005 0.0004 0.0006 0.0003 
ìæòÈâøîÌ­óã 0.0019 0.0018 0.0013 0.0017 0.0003 

3 
blank 0.0003 - 0.0001 0.0002 0.0001 
ìæòÈâøîÃèó - - - - - 
ìæòÈâøîÌ­óã - - - - - 

4 
blank 0.0002 0.0001 0.0002 0.0002 0.0001 
ìæòÈâøîÃèó - - - - - 
ìæòÈâøîÌ­óã - - - - - 

5 
blank 0.0006 0.0005 0.0003 0.0005 0.0002 
ìæòÈâøîÃèó - - - - - 
ìæòÈâøîÌ­óã - - - - - 

6 
blank - - - - - 
ìæòÈâøîÃèó - - - - - 
ìæòÈâøîÌ­óã - - - - - 

7 blank - - - - - 
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ìæòÈâøîÃèó - - - - - 
ìæòÈâøîÌ­óã - - - - - 

8 
blank - - - - - 
ìæòÈâøîÃèó - - - - - 
ìæòÈâøîÌ­óã - - - - - 

9 
blank - - - - - 
ìæòÈâøîÃèó - - - - - 
ìæòÈâøîÌ­óã - - - - - 

10 
blank - - - - - 
ìæòÈâøîÃèó - - - - - 
ìæòÈâøîÌ­óã - - - - - 

11 
ÜæîÂÂäñëùÚÜæîÂØöć1 
ÃÚóÕ 9mm 

0.8705 0.3152 0.2878 0.4912 0.3288 

12 
ÜæîÂÂäñëùÚÜæîÂØöć2 
ÃÚóÕ .38 

0.4863 0.4845 0.5053 0.4920 0.0115 

13 
ÜæîÂÂäñëùÚÜæîÂØöć3 
ÃÚóÕ 9mm 

0.3698 0.3729 0.3728 0.3718 0.0018 

14 
ÜæîÂÂäñëùÚÜæîÂØöć4 
ÃÚóÕ 9mm 

0.461 0.4646 0.4665 0.4640 0.0028 

15 
ÜæîÂÂäñëùÚÜæîÂØöć5 
ÃÚóÕ 9mm 

0.2814 0.284 0.2927 0.2860 0.0059 

16 
ÜæîÂÂäñëùÚÜæîÂØöć6 
ÃÚóÕ 9mm 

0.526 0.5171 0.5202 0.5211 0.0045 
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17 
ÜæîÂÂäñëùÚÜæîÂØöć7 
ÃÚóÕ .38 

0.4058 0.044 0.3848 0.2782 0.2031 

18 
ÜæîÂÂäñëùÚÜæîÂØöć8 
ÃÚóÕ 9mm 

1.2732 1.1292 1.273 1.2251 0.0831 

19 
ÜæîÂÂäñëùÚÜæîÂØöć9 
ÃÚóÕ .22 

2.8647 2.9063 2.9313 2.9008 0.0336 

20 
ÜæîÂÂäñëùÚÜæîÂØöć10 
ÃÚóÕ .45 

0.3614 0.369 0.3673 0.3659 0.0040 

 

ÖóäóÈØöć 25 ÅČóÚèÔÜäõâóÔăÚăÖäØ°ÃîÈëóäæñæóãÖòèîã¬óÈÿÃâ¬óÕõÚÜøÚÉóÂÛäõÿèÔìæòÈâøîĀæñ
ÜæîÂÂäñëùÚÜøÚ 

æČóÕòÛ Öòèîã¬óÈØöćèõÿÅäóñì° 
ßøĈÚØöćĂÖ­ßöÅăÚÿÖäØ 

(µS*min)  
*ìòÂæÛblank 

ÜäõâóÔăÚăÖäØ°
(nmol)        

*ÅČóÚèÔÉóÂ          
y = 0.3327X 

ÜäõâóÔăÚăÖäØ°
(nmol) 

 *non dilution 

1 
ìæòÈâøîÃèó - - - 
ìæòÈâøîÌ­óã - - - 

2 
ìæòÈâøîÃèó 0.0002 0.0006 0.0060 
ìæòÈâøîÌ­óã 0.0013 0.0039 0.0390 

3 
ìæòÈâøîÃèó - - - 
ìæòÈâøîÌ­óã - - - 

4 
ìæòÈâøîÃèó - - - 
ìæòÈâøîÌ­óã - - - 

5 ìæòÈâøîÃèó - - - 
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ìæòÈâøîÌ­óã - - - 

6 
ìæòÈâøîÃèó - - - 
ìæòÈâøîÌ­óã - - - 

7 
ìæòÈâøîÃèó - - - 
ìæòÈâøîÌ­óã - - - 

8 
ìæòÈâøîÃèó - - - 
ìæòÈâøîÌ­óã - - - 

9 
ìæòÈâøîÃèó - - - 
ìæòÈâøîÌ­óã - - - 

10 
ìæòÈâøîÃèó - - - 
ìæòÈâøîÌ­óã - - - 

11 
ÜæîÂÂäñëùÚÜæîÂØöć

1 ÃÚóÕ 9mm 
0.4912 1.4763 7.3815 

12 
ÜæîÂÂäñëùÚÜæîÂØöć

2 ÃÚóÕ .38 
0.4920 1.4789 7.3945 

13 
ÜæîÂÂäñëùÚÜæîÂØöć

3 ÃÚóÕ 9mm 
0.3718 1.1176 5.5881 

14 
ÜæîÂÂäñëùÚÜæîÂØöć

4 ÃÚóÕ 9mm 
0.4640 1.3948 6.9738 

15 
ÜæîÂÂäñëùÚÜæîÂØöć

5 ÃÚóÕ 9mm 
0.2860 0.8597 4.2987 

16 
ÜæîÂÂäñëùÚÜæîÂØöć

6 ÃÚóÕ 9mm 
0.5211 1.5663 7.8314 
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17 
ÜæîÂÂäñëùÚÜæîÂØöć

7 ÃÚóÕ .38 
0.2782 0.8362 8.3619 

18 
ÜæîÂÂäñëùÚÜæîÂØöć

8 ÃÚóÕ 9mm 
1.2251 3.6823 18.4115 

19 
ÜæîÂÂäñëùÚÜæîÂØöć

9 ÃÚóÕ .22 
2.9008 8.7190 43.5948 

20 
ÜæîÂÂäñëùÚÜæîÂØöć

10 ÃÚóÕ .45 
0.3659 1.0998 5.4989 

 

ÖóäóÈØöć 26 áóßîùÜÂäÔ°ÖäèÉèòÕäñãñØóÈăÚÿÖäØĀæñăÚăÖäØ°ÃîÈëóäæñæóãÖòèîã¬óÈÿÃâ¬óÕõÚÜøÚ
ÛäõÿèÔìæòÈâøîØòĈÈëîÈÃ­óÈ 

æČóÕòÛØöć ÛäõÿèÔØöćèõÿÅäóñì° 
îùÜÂäÔ°ÖäèÉèòÕ
äñãñØóÈÃîÈăÚăÖäØ° 

îùÜÂäÔ°ÖäèÉèòÕ
äñãñØóÈÃîÈăÚÿÖäØ 

1 

ìæòÈâøîÃèó 

  

ìæòÈâøîÌ­óã 

  

2 ìæòÈâøîÃèó 
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ìæòÈâøîÌ­óã 

  

3 

ìæòÈâøîÃèó 

  

ìæòÈâøîÌ­óã 

  

4 

ìæòÈâøîÃèó 

  

ìæòÈâøîÌ­óã 

  

5 

ìæòÈâøîÃèó 

  

ìæòÈâøîÌ­óã 
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6 

ìæòÈâøîÃèó 

  

ìæòÈâøîÌ­óã 

  

7 

ìæòÈâøîÃèó 

  

ìæòÈâøîÌ­óã 

  

8 

ìæòÈâøîÃèó 

  

ìæòÈâøîÌ­óã 

  

9 ìæòÈâøîÃèó 
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ìæòÈâøîÌ­óã 

  

10 

ìæòÈâøîÃèó 

  

ìæòÈâøîÌ­óã 

  
 
 

ÖóäóÈØöć 27 áóßîùÜÂäÔ°ÖäèÉèòÕäñãñØóÈăÚÿÖäØĀæñăÚăÖäØ°ÃîÈëóäæñæóãÖòèîã¬óÈÿÃâ¬óÕõÚÜøÚ
ÉóÂÜæîÂÂäñëùÚÜøÚ 

æČóÕòÛØöć Öòèîã¬óÈØöćèõÿÅäóñì° 
îùÜÂäÔ°ÖäèÉèòÕ
äñãñØóÈÃîÈăÚăÖäØ° 

îùÜÂäÔ°ÖäèÉèòÕ
äñãñØóÈÃîÈăÚÿÖäØ 

1 
ÜæîÂÂäñëùÚÜæîÂØöćƗ ÃÚóÕ 

9mm 

  

2 
ÜæîÂÂäñëùÚÜæîÂØöćƘ ÃÚóÕ 

.38 

  

3 
ÜæîÂÂäñëùÚÜæîÂØöćƙ ÃÚóÕ 

9mm 
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4 
ÜæîÂÂäñëùÚÜæîÂØöćƚ ÃÚóÕ 

9mm 

  

5 
ÜæîÂÂäñëùÚÜæîÂØöćƛ ÃÚóÕ 

9mm 

  

6 
ÜæîÂÂäñëùÚÜæîÂØöćƜ ÃÚóÕ 

9mm 

  

7 
ÜæîÂÂäñëùÚÜæîÂØöćƝ ÃÚóÕ 

.38 

  

8 
ÜæîÂÂäñëùÚÜæîÂØöćƞ ÃÚóÕ 

9mm 

  

9 
ÜæîÂÂäñëùÚÜæîÂØöćƟ ÃÚóÕ 

.22 

  

10 
ÜæîÂÂäñëùÚÜæîÂØöćƗƖ ÃÚóÕ 

.45 
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ÖóäóÈØöć 28 Å¬óäñãñØóÈÜäõâóÔăÚÿÖäØÃîÈëóäæñæóãÖòèîã¬óÈÿÃâ¬óÕõÚÜøÚÉóÂÜæîÂÂäñëùÚÜøÚ
ÛÚîùÜÂäÔ°ÖäèÉèòÕäñãñØóÈĀÛÛÂäñÕóê 

æČóÕòÛ 
Öòèîã¬óÈØöćèõÿÅäóñì° 
ăÚÿÖäØ 

Å¬óäñãñØóÈëöËâßúĀÕÈ (CM) 
1 2 3 Å¬óÿÊæöćã SD 

1 
ÜæîÂÂäñëùÚÜæîÂØöć1 
ÃÚóÕ 9mm 

0.6 0.9 1.0 0.83 0.21 

2 
ÜæîÂÂäñëùÚÜæîÂØöć2 
ÃÚóÕ .38 

0.8 0.9 0.8 0.83 0.06 

3 
ÜæîÂÂäñëùÚÜæîÂØöć3 
ÃÚóÕ 9mm 

0.9 0.8 0.8 0.83 0.06 

4 
ÜæîÂÂäñëùÚÜæîÂØöć4 
ÃÚóÕ 9mm 

0.9 0.8 0.7 0.80 0.10 

5 
ÜæîÂÂäñëùÚÜæîÂØöć5 
ÃÚóÕ 9mm 

1.2 0.6 0.7 0.83 0.32 

6 
ÜæîÂÂäñëùÚÜæîÂØöć6 
ÃÚóÕ 9mm 

1.0 0.7 0.8 0.83 0.15 

7 
ÜæîÂÂäñëùÚÜæîÂØöć7 
ÃÚóÕ .38 

0.6 0.7 1.0 0.77 0.21 

8 
ÜæîÂÂäñëùÚÜæîÂØöć8 
ÃÚóÕ 9mm 

1.0 0.7 0.9 0.87 0.15 

9 
ÜæîÂÂäñëùÚÜæîÂØöć9 
ÃÚóÕ .22 

2.2 1.3 1.5 1.67 0.47 

10 
ÜæîÂÂäñëùÚÜæîÂØöć10 
ÃÚóÕ .45 

0.6 0.8 0.9 0.77 0.15 
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ÖóäóÈØöć 29 Å¬óäñãñØóÈÜäõâóÔăÚăÖäØ°ÃîÈëóäæñæóãÖòèîã¬óÈÿÃâ¬óÕõÚÜøÚÉóÂÜæîÂÂäñëùÚÜøÚ
ÛÚîùÜÂäÔ°ÖäèÉèòÕäñãñØóÈĀÛÛÂäñÕóê 

æČóÕòÛ 
Öòèîã¬óÈØöćèõÿÅäóñì° 
ăÚăÖäØ° 

Å¬óäñãñØóÈëöËâßúĀÕÈ (CM) 
1 2 3 Å¬óÿÊæöćã SD 

1 
ÜæîÂÂäñëùÚÜæîÂØöć1 
ÃÚóÕ 9mm 

1.4 1.2 1.3 1.30 0.10 

2 
ÜæîÂÂäñëùÚÜæîÂØöć2 
ÃÚóÕ .38 

1.2 1.2 1.1 1.17 0.06 

3 
ÜæîÂÂäñëùÚÜæîÂØöć3 
ÃÚóÕ 9mm 

1.1 1.4 1.2 1.23 0.15 

4 
ÜæîÂÂäñëùÚÜæîÂØöć4 
ÃÚóÕ 9mm 

1.5 1.0 1.5 1.33 0.29 

5 
ÜæîÂÂäñëùÚÜæîÂØöć5 
ÃÚóÕ 9mm 

0.9 1.1 1.2 1.07 0.15 

6 
ÜæîÂÂäñëùÚÜæîÂØöć6 
ÃÚóÕ 9mm 

1.3 1.2 1.4 1.30 0.10 

7 
ÜæîÂÂäñëùÚÜæîÂØöć7 
ÃÚóÕ .38 

1.3 1.2 1.4 1.30 0.10 

8 
ÜæîÂÂäñëùÚÜæîÂØöć8 
ÃÚóÕ 9mm 

1.3 1.2 2.0 1.50 0.44 

9 
ÜæîÂÂäñëùÚÜæîÂØöć9 
ÃÚóÕ .22 

1.7 2.2 1.5 1.80 0.36 

10 
ÜæîÂÂäñëùÚÜæîÂØöć
10 ÃÚóÕ .45 

1.3 1.3 1.2 1.27 0.06 
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ÖóäóÈØöć 30 ÅČóÚèÔÜäõâóÔăÚÿÖäØÃîÈëóäæñæóãÖòèîã¬óÈÿÃâ¬óÕõÚÜøÚÉóÂÜæîÂÂäñëùÚÜøÚÛÚ
îùÜÂäÔ°ÖäèÉèòÕäñãñØóÈĀÛÛÂäñÕóê 

æČóÕòÛ Öòèîã¬óÈØöćèõÿÅäóñì° 
ÜäõâóÔëóä (nmol) 

äñãñØóÈÿÊæöćã 
(n=3) 

ăÚÿÖäØ 
y = 0.0076x + 0.73 

1 ÜæîÂÂäñëùÚÜæîÂØöć1 ÃÚóÕ 9mm 0.83 13.60 

2 ÜæîÂÂäñëùÚÜæîÂØöć2 ÃÚóÕ .38 0.83 13.60 

3 ÜæîÂÂäñëùÚÜæîÂØöć3 ÃÚóÕ 9mm 0.83 13.60 

4 ÜæîÂÂäñëùÚÜæîÂØöć4 ÃÚóÕ 9mm 0.80 9.21 

5 ÜæîÂÂäñëùÚÜæîÂØöć5 ÃÚóÕ 9mm 0.83 13.60 

6 ÜæîÂÂäñëùÚÜæîÂØöć6 ÃÚóÕ 9mm 0.83 13.60 

7 ÜæîÂÂäñëùÚÜæîÂØöć7 ÃÚóÕ .38 0.77 4.82 

8 ÜæîÂÂäñëùÚÜæîÂØöć8 ÃÚóÕ 9mm 0.87 17.98 
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9 ÜæîÂÂäñëùÚÜæîÂØöć9 ÃÚóÕ .22 1.67 123.25 

10 ÜæîÂÂäñëùÚÜæîÂØöć10 ÃÚóÕ .45 0.77 4.82 

 
ÖóäóÈØöć 31 ÅČóÚèÔÜäõâóÔăÚăÖäØ°ÃîÈëóäæñæóãÖòèîã¬óÈÿÃâ¬óÕõÚÜøÚÉóÂÜæîÂÂäñëùÚÜøÚÛÚ
îùÜÂäÔ°ÖäèÉèòÕäñãñØóÈĀÛÛÂäñÕóê 

æČóÕòÛ Öòèîã¬óÈØöćèõÿÅäóñì° 
ÜäõâóÔëóä (nmol) 

äñãñØóÈÿÊæöćã 
(n=3) 

ăÚăÖäØ° 
y = 0.0438x + 1.02 

1 ÜæîÂÂäñëùÚÜæîÂØöć1 ÃÚóÕ 9mm 1.30 6.39 

2 ÜæîÂÂäñëùÚÜæîÂØöć2 ÃÚóÕ .38 1.17 3.35 

3 ÜæîÂÂäñëùÚÜæîÂØöć3 ÃÚóÕ 9mm 1.23 4.87 

4 ÜæîÂÂäñëùÚÜæîÂØöć4 ÃÚóÕ 9mm 1.33 7.15 

5 ÜæîÂÂäñëùÚÜæîÂØöć5 ÃÚóÕ 9mm 1.07 1.07 

6 ÜæîÂÂäñëùÚÜæîÂØöć6 ÃÚóÕ 9mm 1.30 6.39 
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7 ÜæîÂÂäñëùÚÜæîÂØöć7 ÃÚóÕ .38 1.30 6.39 

8 ÜæîÂÂäñëùÚÜæîÂØöć8 ÃÚóÕ 9mm 1.50 10.96 

9 ÜæîÂÂäñëùÚÜæîÂØöć9 ÃÚóÕ .22 1.80 17.81 

10 ÜæîÂÂäñëùÚÜæîÂØöć10 ÃÚóÕ .45 1.27 5.63 
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áóÅÝÚèÂ Ã ÜäñâèæáóßÂóäØÕæîÈ 
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áóßØöć 27 Öòèîã¬óÈØöć Ɨ 1 ÜøÚßÂîîāÖÿâÖäõÂ Sigsaver äù¬Ú PƟƙƞ ÃÚóÕ 9mm Luger 

 
áóßØöć 28 Öòèîã¬óÈØöć2 ÜøÚßÂäöèîæÿèîä° Smith & Wesson äù¬Ú Ɨƛ-3 ÃÚóÕ .38 (Special) 
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áóßØöć 29 Öòèîã¬óÈØöć3 ÜøÚßÂîîāÖÿâÖäõÂ Sigsaver äù¬Ú P320SP ÃÚóÕ 9mm Luger 

 
áóßØöć 30 Öòèîã¬óÈØöć4 ÜøÚßÂîîāÖÿâÖäõÂ Glock äù¬Ú 19 ÃÚóÕ 9mm Luger 
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áóßØöć 31 Öòèîã¬óÈØöć 5 ÜøÚßÂîîāÖÿâÖäõÂ CZ äù¬Ú 75 COMPACT ÃÚóÕ 9mm Luger 

 
áóßØöć 32 Öòèîã¬óÈØöć6 ÜøÚßÂîîāÖÿâÖäõÂ Smith & Wesson äù¬Ú 5906TSW ÃÚóÕ 9mm Luger 
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áóßØöć 33 Öòèîã¬óÈØöć7 ÜøÚßÂäöèîæÿèîä° COLT äù¬Ú Detective special ÃÚóÕ .38 (Special) 

 

áóßØöć 34 Öòèîã¬óÈØöć8 ÜøÚßÂîîāÖÿâÖäõÂ Sigsaver äù¬Ú SP2022 ÃÚóÕ 9mm Luger 
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áóßØöć 35 Öòèîã¬óÈØöć9 ÜøÚßÂäöèîæÿèîä° Smith & Wesson äù¬Ú ƛƗ ÃÚóÕ .22 Magnum 

 
áóßØöć 36 Öòèîã¬óÈØöć10 ÜøÚßÂîîāÖÿâÖäõÂ Glock äù¬Ú 21 ÃÚóÕ .45 ACP 
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áóßØöć 37 ÂóäãõÈÜøÚÿßøćîÿÂĆÛÖòèîã¬óÈÿÃâ¬óÕõÚÜøÚÛäõÿèÔâøîĀæñÜæîÂÂäñëùÚ 

 
áóßØöć 38 ÿÂĆÛÖòèîã¬óÈÿÃâ¬óÕõÚÜøÚÉóÂâøîĀæñÜæîÂÂäñëùÚ 
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áóßØöć 39 ÿÖäöãâÖòèîã¬óÈÿÃâ¬óÕõÚÜøÚÿßøćîÚČóăÜëÂòÕ 
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áóÅÝÚèÂ Å āÅäâóāÖĀÂäâÃîÈëóäæñæóãâóÖäÑóÚăÚÿÖäØĀæñăÚăÖäØ° 
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áóßØöć 40 āÅäâóāÖĀÂäâëóäæñæóãâóÖäÑóÚăÚăÖäØ° Ɩ.ƖƗ ĲM ĀæñăÚÿÖäØ Ɩ.ƖƖƛ ĲM 

 

áóßØöć 41 āÅäâóāÖĀÂäâëóäæñæóãâóÖäÑóÚăÚăÖäØ° 1 ĲM ĀæñăÚÿÖäØ 10 ĲM  
 

 

 

2.07 2.20 2.30 2.40 2.50 2.60 2.70 2.80 2.90 3.00 3.10 3.20 3.33

0.2144

0.2375

0.2500

0.2625

0.2750

0.2875

0.3000

0.3121
17052022 #25 [modified by Administrator] 0.01+0.005 ECD_1
µS

min

2 - 2.280

3 - 2.980

1.39 1.60 1.80 2.00 2.20 2.40 2.60 2.80 3.00 3.20 3.40 3.60 3.80 4.00 4.20 4.44

-0.60

-0.40

-0.20

-0.00

0.20

0.40

0.60

0.80

1.00
16052022 #1 [modified by Administrator] mix 1+10 1 ECD_1
µS

min

1 - 2.290

2 - 2.980
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áóßØöć 42 āÅäâóāÖĀÂäâëóäæñæóãâóÖäÑóÚăÚăÖäØ° 3 ĲM ĀæñăÚÿÖäØ 15 ĲM 

 
áóßØöć 43 āÅäâóāÖĀÂäâëóäæñæóãâóÖäÑóÚăÚăÖäØ° 5 ĲM ĀæñăÚÿÖäØ 30 ĲM 

 
 
 

1.90 2.12 2.25 2.37 2.50 2.62 2.75 2.87 3.00 3.12 3.25 3.37 3.50 3.62 3.75 3.87 4.01

-1.04

-0.75

-0.50

-0.25

0.00

0.25

0.50

0.78
16052022 #9 [modified by Administrator] mix 3+15 3 ECD_1
µS

min

1 - 2.287

2 - 2.980

1.91 2.20 2.40 2.60 2.80 3.00 3.20 3.40 3.60 3.80 4.00 4.20 4.40 4.60 4.80 4.98

-0.35

0.50

1.00

1.50

2.00

2.50

3.00

3.47
16052022 #16 [modified by Administrator] mix 5+30 2 ECD_1
µS

min

1 - 2.287

2 - 2.980
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áóßØöć 44 āÅäâóāÖĀÂäâëóäæñæóãâóÖäÑóÚăÚăÖäØ° 15 ĲM ĀæñăÚÿÖäØ 50 ĲM 

 
áóßØöć 45 āÅäâóāÖĀÂäâëóäæñæóãâóÖäÑóÚăÚăÖäØ° 30 ĲM ĀæñăÚÿÖäØ 100 ĲM 

 
 
 

1.45 1.75 2.00 2.25 2.50 2.75 3.00 3.25 3.50 3.75 4.00 4.25 4.50 4.75 5.00 5.32

-1.07

0.00

1.00

2.00

3.00

4.00

4.91
16052022 #20 [modified by Administrator] mix 15+50 2 ECD_1
µS

min

1 - 2.290

2 - 2.980

1.78 2.00 2.12 2.25 2.37 2.50 2.62 2.75 2.87 3.00 3.12 3.25 3.37 3.50 3.62 3.81

-2.0

0.0

2.0

4.0

6.0

8.0

10.0

12.0
16052022 #26 [modified by Administrator] mix 30+100 3 ECD_1
µS

min

1 - 2.290

2 - 2.974
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áóßØöć 46 āÅäâóāÖĀÂäâëóäæñæóãâóÖäÑóÚăÚăÖäØ° 100 ĲM ĀæñăÚÿÖäØ 200 ĲM 

 

 

áóßØöć 47 āÅäâóāÖĀÂäâëóäæñæóãâóÖäÑóÚăÚăÖäØ° 200 ĲM ĀæñăÚÿÖäØ 400 ĲM 
 
 

1.77 2.00 2.20 2.40 2.60 2.80 3.00 3.20 3.40 3.60 3.80 4.07

-5.7

0.0

5.0

10.0

15.0

22.5
16052022 #29 [modified by Administrator] mix 100+200 1 ECD_1
µS

min

1 - 2.294

2 - 2.967

1.47 1.80 2.00 2.20 2.40 2.60 2.80 3.00 3.20 3.40 3.60 3.80 4.00 4.20 4.40 4.64

-5.0

0.0

10.0

20.0

30.0

40.0
16052022 #34 [modified by Administrator] mix 200+400 1 ECD_1
µS

min

1 - 2.297

2 - 2.953
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áóÅÝÚèÂ È āÅäâóāÖĀÂäâÃîÈÖòèîã¬óÈÿÃâ¬óÕõÚÜøÚÛäõÿèÔâøîĀæñÜæîÂÂäñëùÚ 
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áóßØöć 48 āÅäâóāÖĀÂäâÃîÈÖòèîã¬óÈÿÃâ¬óÕõÚÜøÚØöć Ɨ ÛäõÿèÔâøîÃèó 

 
áóßØöć 49 āÅäâóāÖĀÂäâÃîÈÖòèîã¬óÈÿÃâ¬óÕõÚÜøÚØöć Ɨ ÛäõÿèÔâøîÌ­óã 

 
 

2.26 2.40 2.50 2.60 2.70 2.80 2.90 3.00 3.10 3.20 3.29

-1.150

-1.000

-0.900

-0.800

-0.700

-0.550
20052022 #29 [modified by Administrator] SR1 1 ECD_1
µS

min

2 - 2.950

2.290 2.400 2.500 2.600 2.700 2.800 2.900 3.000 3.100 3.200 3.264

-1.550

-1.500

-1.400

-1.300

-1.200

-1.150
20052022 #33 [modified by Administrator] SL1 3 ECD_1
µS

min

2 - 2.947
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áóßØöć 50 āÅäâóāÖĀÂäâÃîÈÖòèîã¬óÈÿÃâ¬óÕõÚÜøÚØöć Ƙ ÛäõÿèÔâøîÃèó 

 
áóßØöć 51 āÅäâóāÖĀÂäâÃîÈÖòèîã¬óÈÿÃâ¬óÕõÚÜøÚØöć Ƙ ÛäõÿèÔâøîÌ­óã 

 
 

2.02 2.20 2.30 2.40 2.50 2.60 2.70 2.80 2.90 3.00 3.10 3.20 3.30 3.48

0.200

0.220

0.240

0.260

0.280

0.300

0.320

0.340
12052022 #17 [modified by Administrator] SR2 3 ECD_1
µS

min

2 - 2.230

3 - 3.207

2.317 2.400 2.500 2.600 2.700 2.800 2.900 3.000 3.100 3.174

0.340

0.400

0.450

0.500

0.540
13052022 2 #1 [modified by Administrator] L2 1 ECD_1
µS

min

1 - 2.423

2 - 3.010
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áóßØöć 52 āÅäâóāÖĀÂäâÃîÈÖòèîã¬óÈÿÃâ¬óÕõÚÜøÚØöć ƙ ÛäõÿèÔâøîÃèó 

 
áóßØöć 53 āÅäâóāÖĀÂäâÃîÈÖòèîã¬óÈÿÃâ¬óÕõÚÜøÚØöć ƙ ÛäõÿèÔâøîÌ­óã 

 
 

2.329 2.400 2.500 2.600 2.700 2.800 2.900 3.000 3.100 3.242

0.400

0.500

0.600

0.700

0.850
13052022 2 #16 [modified by Administrator] R3 1 ECD_1
µS

min

2 - 2.423

3 - 2.997

2.289 2.400 2.500 2.600 2.700 2.800 2.900 3.000 3.135

-1.050

-0.900

-0.800

-0.700

-0.600
13052022 2 #22 [modified by Administrator] L3 2 ECD_1
µS

min

2 - 2.430

3 - 3.007
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áóßØöć 54 āÅäâóāÖĀÂäâÃîÈÖòèîã¬óÈÿÃâ¬óÕõÚÜøÚØöć ƚ ÛäõÿèÔâøîÃèó 

 
áóßØöć 55 āÅäâóāÖĀÂäâÃîÈÖòèîã¬óÈÿÃâ¬óÕõÚÜøÚØöć ƚ ÛäõÿèÔâøîÌ­óã 

 
 

2.21 2.30 2.40 2.50 2.60 2.70 2.80 2.90 3.00 3.10 3.20 3.29

-1.40

-1.20

-1.00

-0.80

-0.60

-0.40

-0.24
13052022 2 #26 [modified by Administrator] R4 1 ECD_1
µS

min

3 - 3.004

2.268 2.400 2.500 2.600 2.700 2.800 2.900 3.000 3.100 3.189

-1.000

-0.900

-0.800

-0.700

-0.600
13052022 2 #31 [modified by Administrator] L4 1 ECD_1
µS

min

2 - 3.004
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áóßØöć 56 āÅäâóāÖĀÂäâÃîÈÖòèîã¬óÈÿÃâ¬óÕõÚÜøÚØöć ƛ ÛäõÿèÔâøîÃèó 

 
áóßØöć 57 āÅäâóāÖĀÂäâÃîÈÖòèîã¬óÈÿÃâ¬óÕõÚÜøÚØöć ƛ ÛäõÿèÔâøîÌ­óã 

 
 

2.22 2.30 2.40 2.50 2.60 2.70 2.80 2.90 3.00 3.10 3.20 3.30 3.43

-0.079

-0.000

0.100

0.200

0.300

0.400

0.500

0.594
15052022 #4 [modified by Administrator] SR5 1 ECD_1
µS

min

2 - 2.990

2.156 2.300 2.400 2.500 2.600 2.700 2.800 2.900 3.000 3.151

-1.22

-1.00

-0.80

-0.60

-0.40

-0.20

0.00

0.20

0.40

0.78
15052022 #10 [modified by Administrator] SL5 2 ECD_1
µS

min

2 - 2.994
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áóßØöć 58āÅäâóāÖĀÂäâÃîÈÖòèîã¬óÈÿÃâ¬óÕõÚÜøÚØöć Ɯ ÛäõÿèÔâøîÃèó 

 
áóßØöć 59 āÅäâóāÖĀÂäâÃîÈÖòèîã¬óÈÿÃâ¬óÕõÚÜøÚØöć Ɯ ÛäõÿèÔâøîÌ­óã 

 
 

2.264 2.400 2.500 2.600 2.700 2.800 2.900 3.000 3.100 3.172

-0.900

-0.850

-0.800

-0.750

-0.700

-0.650

-0.600

-0.550

-0.500
15052022 #14 [modified by Administrator] SR6 1 ECD_1
µS

min

2 - 2.990

2.26 2.40 2.50 2.60 2.70 2.80 2.90 3.00 3.10 3.20 3.30

-0.900

-0.850

-0.800

-0.750

-0.700

-0.650

-0.600

-0.550

-0.500

-0.450
15052022 #19 [modified by Administrator] SL6 1 ECD_1
µS

min

2 - 2.990
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áóßØöć 60 āÅäâóāÖĀÂäâÃîÈÖòèîã¬óÈÿÃâ¬óÕõÚÜøÚØöć Ɲ ÛäõÿèÔâøîÃèó 
 

 
áóßØöć 61 āÅäâóāÖĀÂäâÃîÈÖòèîã¬óÈÿÃâ¬óÕõÚÜøÚØöć Ɲ ÛäõÿèÔâøîÌ­óã 

 

2.30 2.40 2.50 2.60 2.70 2.80 2.90 3.00 3.10 3.20 3.30 3.41

0.080

0.125

0.150

0.175

0.200

0.225

0.260
18052022 #9 [modified by Administrator] SR7 2 ECD_1
µS

min

2 - 2.967

2.236 2.300 2.400 2.500 2.600 2.700 2.800 2.900 3.000 3.100 3.183

-1.300

-1.200

-1.100

-1.000

-0.850
18052022 #13 [modified by Administrator] SL7 1 ECD_1
µS

min

2 - 2.967
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áóßØöć 62 āÅäâóāÖĀÂäâÃîÈÖòèîã¬óÈÿÃâ¬óÕõÚÜøÚØöć ƞ ÛäõÿèÔâøîÃèó 

 
áóßØöć 63 āÅäâóāÖĀÂäâÃîÈÖòèîã¬óÈÿÃâ¬óÕõÚÜøÚØöć ƞ ÛäõÿèÔâøîÌ­óã 

 
 

2.23 2.30 2.40 2.50 2.60 2.70 2.80 2.90 3.00 3.10 3.20 3.30 3.37

-0.400

-0.300

-0.200

-0.100

-0.000

0.100
18052022 #19 [modified by Administrator] SR8 1 ECD_1
µS

min

2 - 2.967

2.285 2.400 2.500 2.600 2.700 2.800 2.900 3.000 3.100 3.259

-1.150

-1.100

-1.000

-0.900

-0.800

-0.700
20052022 #5 [modified by Administrator] SL8 2 ECD_1
µS

min

2 - 2.957
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áóßØöć 64 āÅäâóāÖĀÂäâÃîÈÖòèîã¬óÈÿÃâ¬óÕõÚÜøÚØöć Ɵ ÛäõÿèÔâøîÃèó 
 

 
áóßØöć 65 āÅäâóāÖĀÂäâÃîÈÖòèîã¬óÈÿÃâ¬óÕõÚÜøÚØöć Ɵ ÛäõÿèÔâøîÌ­óã 

 
 

2.13 2.20 2.30 2.40 2.50 2.60 2.70 2.80 2.90 3.00 3.10 3.24

-1.049

-1.000

-0.950

-0.900

-0.850

-0.800

-0.750

-0.700

-0.624
20052022 #10 [modified by Administrator] SR9 2 ECD_1
µS

min

2 - 2.954

2.254 2.400 2.500 2.600 2.700 2.800 2.900 3.000 3.141

0.340

0.360

0.380

0.400

0.420

0.440

0.460

0.480

0.500
20052022 #14 [modified by Administrator] SL9 1 ECD_1
µS

min

2 - 2.950
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2.240 2.300 2.400 2.500 2.600 2.700 2.800 2.900 3.000 3.124

-1.000

-0.900

-0.800

-0.700

-0.550
20052022 #19 [modified by Administrator] SR10 1 ECD_1
µS

min

2 - 2.947

 
 

áóßØöć 66 āÅäâóāÖĀÂäâÃîÈÖòèîã¬óÈÿÃâ¬óÕõÚÜøÚØöć ƗƖ ÛäõÿèÔâøîÃèó 

 
áóßØöć 67 āÅäâóāÖĀÂäâÃîÈÖòèîã¬óÈÿÃâ¬óÕõÚÜøÚØöć ƗƖ ÛäõÿèÔâøîÌ­óã 

 

2.265 2.400 2.500 2.600 2.700 2.800 2.900 3.000 3.100 3.183

-1.050

-0.900

-0.800

-0.700

-0.600

-0.500
20052022 #24 [modified by Administrator] SL10 1 ECD_1
µS

min

2 - 2.947
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áóßØöć 68 āÅäâóāÖĀÂäâÃîÈÖòèîã¬óÈÿÃâ¬óÕõÚÜøÚÉóÂÜæîÂÂäñëùÚØöć Ɨ 

 
áóßØöć 69 āÅäâóāÖĀÂäâÃîÈÖòèîã¬óÈÿÃâ¬óÕõÚÜøÚÉóÂÜæîÂÂäñëùÚØöć Ƙ 

 
 

1.62 1.80 2.00 2.20 2.40 2.60 2.80 3.00 3.20 3.40 3.60 3.80 4.00 4.20

-2.0

2.5

5.0

7.5

10.0

12.5

15.0

18.0
13052022 #7 [modified by Administrator] CT1 2 ECD_1
µS

min

1 - 2.317

2 - 2.997

2.01 2.13 2.25 2.37 2.50 2.62 2.75 2.87 3.00 3.12 3.25 3.37 3.50 3.62 3.75 3.89

-3.2

0.0

5.0

10.0

15.0

17.4 13052022 #12 [modified by Administrator] CT2 1 ECD_1
µS

min

1 - 2.334

2 - 3.007
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áóßØöć 70 āÅäâóāÖĀÂäâÃîÈÖòèîã¬óÈÿÃâ¬óÕõÚÜøÚÉóÂÜæîÂÂäñëùÚØöć ƙ 

 
áóßØöć 71 āÅäâóāÖĀÂäâÃîÈÖòèîã¬óÈÿÃâ¬óÕõÚÜøÚÉóÂÜæîÂÂäñëùÚØöć ƚ  

 

2.06 2.20 2.30 2.40 2.50 2.60 2.70 2.80 2.90 3.00 3.10 3.20 3.30 3.40 3.50 3.60

-2.0

0.0

2.0

4.0

6.0

8.0

10.0

12.0

14.0
13052022 #18 [modified by Administrator] CT3 2 ECD_1
µS

min

1 - 2.317

2 - 3.007

2.04 2.25 2.37 2.50 2.62 2.75 2.87 3.00 3.12 3.25 3.37 3.50 3.62 3.82

-2.0

2.5

5.0

7.5

10.0

14.0
13052022 #24 [modified by Administrator] CT4 3 ECD_1
µS

min

1 - 2.320

2 - 3.007
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áóßØöć 72 āÅäâóāÖĀÂäâÃîÈÖòèîã¬óÈÿÃâ¬óÕõÚÜøÚÉóÂÜæîÂÂäñëùÚØöć ƛ 

 
áóßØöć 73 āÅäâóāÖĀÂäâÃîÈÖòèîã¬óÈÿÃâ¬óÕõÚÜøÚÉóÂÜæîÂÂäñëùÚØöć Ɯ 

 
 

1.98 2.12 2.25 2.37 2.50 2.62 2.75 2.87 3.00 3.12 3.25 3.37 3.50 3.62 3.72

-1.0

2.0

4.0

6.0

8.0

11.0
13052022 #27 [modified by Administrator] CT5 1 ECD_1
µS

min

1 - 2.317

2 - 3.003

2.02 2.10 2.20 2.30 2.40 2.50 2.60 2.70 2.80 2.90 3.00 3.10 3.26

-2.0

0.0

2.5

5.0

7.5

10.0

12.5

16.0
20052022 #46 [modified by Administrator] CT6 2 ECD_1
µS

min

2 - 2.284

3 - 2.930
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áóßØöć 74 āÅäâóāÖĀÂäâÃîÈÖòèîã¬óÈÿÃâ¬óÕõÚÜøÚÉóÂÜæîÂÂäñëùÚØöć 7 

 
áóßØöć 75 āÅäâóāÖĀÂäâÃîÈÖòèîã¬óÈÿÃâ¬óÕõÚÜøÚÉóÂÜæîÂÂäñëùÚØöć ƞ 

 
 

2.129 2.200 2.300 2.400 2.500 2.600 2.700 2.800 2.900 3.000 3.128

-1.50

0.00

1.00

2.00

3.50
20052022 #49 [modified by Administrator] CT7 2 ECD_1
µS

min

2 - 2.320

3 - 2.937

2.14 2.20 2.30 2.40 2.50 2.60 2.70 2.80 2.90 3.00 3.10 3.20

-2.0

5.0

10.0

15.0

22.0
21052022 #5 [modified by Administrator] CT8 2 ECD_1
µS

min

2 - 2.280

3 - 2.920
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2.04 2.20 2.30 2.40 2.50 2.60 2.70 2.80 2.90 3.00 3.10 3.20 3.30 3.41

-2.0

0.0

2.0

4.0

6.0

8.0

10.0

12.0
21052022 #14 [modified by Administrator] CT10 1 ECD_1
µS

min

2 - 2.310

3 - 2.923

 
 

áóßØöć 76 āÅäâóāÖĀÂäâÃîÈÖòèîã¬óÈÿÃâ¬óÕõÚÜøÚÉóÂÜæîÂÂäñëùÚØöć Ɵ 

 
áóßØöć 77 āÅäâóāÖĀÂäâÃîÈÖòèîã¬óÈÿÃâ¬óÕõÚÜøÚÉóÂÜæîÂÂäñëùÚØöć Ɨ0

2.00 2.10 2.20 2.30 2.40 2.50 2.60 2.70 2.80 2.90 3.00 3.10 3.20 3.37

-10

20

40

60

80

110
21052022 #9 [modified by Administrator] CT9 1 ECD_1
µS

min

1 - 2.284

2 - 2.884
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Ëøćî-ëÂùæ äòÂê°ËÚÂ îõÚØäëùÃéäö 
èòÚ ÿÕøîÚ Üö ÿÂõÕ 21 ÂùâáóßòÚÙ° 2541 
ë×óÚØöćÿÂõÕ éäöëñÿÂê 
èùÓõÂóäé÷Âêó ß.é. 2562 ÜäõÎÎóÖäö èØ.Û.(ÿÅâö) âìóèõØãóæòãéõæÜóÂä 
äóÈèòæØöćăÕ­äòÛ äóÈèòæÛØÅèóâÕöÿÕ¬ÚÕ­óÚÿÅâö (NCST 5th 2022)   

 

 


	บทคัดย่อภาษาไทย
	บทคัดย่อภาษาอังกฤษ
	กิตติกรรมประกาศ
	สารบัญ
	สารบัญตาราง
	สารบัญภาพ
	บทที่ 1 บทนำ
	1. ที่มาและความสำคัญ
	2. วัตถุประสงค์ของงานวิจัย
	3. สมมติฐานและคำถามงานวิจัย
	4. ขอบเขตของงานวิจัย
	5. นิยามคำศัพท์เฉพาะ
	6. ข้อจำกัดของงานวิจัย
	7. ประโยชน์ที่คาดว่าจะได้รับ

	บทที่ 2  แนวคิด ทฤษฏี และงานวิจัยที่เกี่ยวข้อง
	1. อาวุธปืน
	2. เขม่าดินปืน
	3. ไนเตรทและไนไตรท์
	4. Griess reagent
	5. อุปกรณ์ตรวจวัดแบบกระดาษ (Paper-base analytic device)
	6. เทคนิค Ion chromatography
	7. วรรณกรรมที่เกี่ยวข้อง

	บทที่ 3
	วิธีการดำเนินการ
	1. เครื่องมือและอุปกรณ์
	2. สารเคมี
	3. การเตรียมสารละลาย
	4. การเก็บตัวอย่างเขม่าปืนและวิธีการเตรียมตัวอย่างเขม่าปืน
	5. การประดิษฐ์อุปกรณ์ตรวจวัดแบบกระดาษด้วยเทคนิค screen printing
	6. ศึกษากระดาษกรองที่เหมาะสมที่ใช้ในการสร้างอุปกรณ์ตรวจวัดแบบกระดาษ (µPAD)
	7. ศึกษาปริมาตรสารตัวอย่าง, สารมาตรฐาน และรีเอเจนท์
	8. ศึกษาระยะเวลาการตรวจวัดระยะทางบนอุปกรณ์ตรวจวัดแบบกระดาษ (µPAD)
	9. ศึกษาผลการรบกวนของสารรบกวน
	10. การทดสอบความใช้ได้ของวิธีวิเคราะห์ด้วยอุปกรณ์ตรวจวัดบนกระดาษ (µPAD)
	11. วิเคราะห์ตัวอย่างเขม่าดินปืนด้วยอุปกรณ์ตรวจวัดแบบกระดาษ (µPAD) และเครื่อง Ion chromatography (IC)
	12.  ทดสอบความใช้ได้ของการวิเคราะห์ด้วยเครื่อง Ion chromatography (IC)
	13. การวิเคราะห์หาปริมาณทั้ง 2 วิธีมาเปรียบเทียบกัน
	บทที่ 4 ผลการทดลอง
	4.1 ผลการประดิษฐ์อุปกรณ์การตรวจวัดแบบกระดาษ (µPAD)
	4.2 ผลการศึกษากระดาษกรองในรูปแบบที่เหมาะสมที่ใช้ในการสร้างอุปกรณ์ตรวจวัดแบบกระดาษ (µPAD)
	4.3 ผลการศึกษาปริมาตรสารตัวอย่าง, สารมาตรฐาน และรีเอเจนท์
	4.4 ผลการศึกษาระยะเวลาการตรวจวัดระยะทางหลังจากการเกิดปฏิกิริยา
	4.5 ผลการศึกษาตัวรบกวนบนอุปกรณ์ตรวจวัด
	4.6 ผลการทดสอบความใช้ได้ของวิธีวิเคราะห์ด้วยอุปกรณ์ตรวจวัดบนกระดาษ (µPAD)
	4.7 ผลการวิเคราะห์ตัวอย่างเขม่าดินปืนด้วยอุปกรณ์ตรวจวัดแบบกระดาษ (µPAD) และเครื่อง Ion chromatography (IC)
	4.8 ผลการทดสอบความใช้ได้ของการวิเคราะห์ด้วยเครื่อง Ion chromatography (IC)
	4.9 ผลการเปรียบเทียบการวิเคราะห์หาปริมาณทั้ง 2 วิธี

	บทที่ 5 สรุป อภิปรายผลและข้อเสนอแนะ
	5.1 สรุป
	5.2 อภิปรายผล
	5.3 ข้อเสนอแนะ

	รายการอ้างอิง
	ภาคผนวก
	ภาคผนวก ก ตารางข้อมูลการวิเคราะห์
	ภาคผนวก ข ประมวลภาพการทดลอง
	ภาคผนวก ค โครมาโตแกรมของสารละลายมาตรฐานไนเตรทและไนไตรท์
	ภาคผนวก ง โครมาโตแกรมของตัวอย่างเขม่าดินปืนบริเวณมือและปลอกกระสุน

	ประวัติผู้เขียน

